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Abstracts • 
With the rapid development of modern technology, people gra-
dually understands that there exists some general principles 
in the Science of Manufacturing. The Management of constraint 
, which exists within the factory, is one of those important 
principles. In this thesis, I try to identify and to define 
all possible constraints & their relationship with one ano-
ther. Because of lack of understanding, traditional manufac-
turing planning and ·control methods can not handle this task. 
Also, many recent approaches, like MRP, JIT and OPT, are not 
fully adequate for the Management of Constraint. After compa-
ring with these techniques, I suggest some new approaches to 
satisfy this requirement .. By using one of these technique -
The Analytic Model (ECE Diagram) to build a generalized model 
, I prove that this approach is one of the tools to handle 
this complex task. I believe that, with the implementation of 
these new approach, American industry can regain their abili-
ty in the manufacturing and compete in the global market. 
IJ 
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1. setting the stage 
1.1 The Losing Competitiveness of u.s. 
The American production system has been hailed in the United 
States and around the world for nearly 100 years because of 
its productivity, capacity, innovations and contributions to 
our amazing standard of living. But in the early 1960s, the 
picture began to change. U.S.'s number one position in world 
industrial capability began to change. Comparative propor-
tions of the world's manufacturing output, leader ship in 
technological and process innovation, ability to compete in 
world markets and many sick industries signaled that somehow 
U.S. industry was slipping. With few exceptions, U.S. is no 
longer clearly outstanding.[1] This falling competitiveness 
in the U.S. not only threatens the survival of the indust-
ries but also impacts on the people and the society around 
them. Following is some statistic data from recent research: 
Automobiles: Where once the ''Big Three" dominated the world 
auto market, today there are 40 companies selling automobiles 
in the U.S., many of them manufacturing in the U.S. as well. 
Add the impact of parts and component, and foreign companies 
represent about SO% of the current U.S. market. 
Money: The biggest bank in the world isn't Citicorp or the 
BankAmerica; it's Dai !chi Kangyo of Japan. The biggest 
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brokerage house isn't Merrill Lynch; it's Nomura Securities 
of Japan. The Largest stock exchange isn't in New York; it's 
in Tokyo of Japan. 
Investment; Foreign investors now own 46% of the commercial 
real estate in downtown Los Angeles, 39% in Houston, 32% in 
Minneapolis, and 21% in Manhattan. 
Invention: Nearly 50% of all new patents last year went to 
foreign investors. 
Debt: Since 1980, the U.S. has run up a cumulative trade 
deficit of more than $700 billion. And with a national debt 
of more than $2 trillion, U.S. owe more than all other debtor 
nations combined. 
Education: While the U.S. can still boast the best graduate 
institutions in the world, U.S. will this year graduate 
three-quarters of a million high school students many of 
whom can't read, write, or count, and another million will 
simply drop out of the system altogether. 
Add to these somewhat singularly U.S. considerations the fact 
that world demographics are shifting, and the focus of change 
and its impact broadens out dramatically. [2] 
All these explained that the environment, which u.s~ industry 
used to develop, survive and grow, has changed tremendously. 
9 
In the face of such change, what does one do? One adopts, of 
course, or hopes to anticipate such change. But how, exactly? 
What steps need to be taken? What should/can a ~ornpany do? 
What are the root causes of all those changes? Can U.S. Indu-
-L 
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stry regains its competitiveness in order to survive in the 
global market? Following are some possible answers for these 
questions. 
1.2 Factory of the Future, always in the Future? 
In the early sos, lots of paper and reports revealed that the 
key issue of this falling competitiveness of the U.S. indus-
try is in the Manufacturing scope of the U.S. company.[3] In 
1981, Mr. Oliver W. Wight in his book - ''MRP II: Unlocking 
America's Productivity Potential"[4] clearly pointed out the 
reason why Japan is defeating U.S. company in the worldwide 
market: 
1. They have a Manufacturing Economy. 
2. People are the key to everything. 
3. The competition is outside the company. 
4. The Competition is outside the country. 
s. Management is a long term proposition. 
It seems that Manufacturing is no longer an independent and 
isolated function of a company. There must exists a tight 
relationship between the manufacturing ability of a company 
to its survival. But what is that relationship? How it acts? 
This is also the era of the booming Computer and Automation 
technology. In order to survive and to grow in the market, 
lots of U.S. company tried to implement the concept and the 
technique of Automated Factory. Especially with the increa-
sing influence of the Union and more·demanding worker, the 
managers of the company thought that Automation must be the 
4 
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panacea for all those troubles. GM is the first and has spend 
billions of dollars in Paatory Automation. But the result of 
these efforts were very disappointing.[5) Especially, when 
1 
some Japanese companies setup their own factory inside U.S •. 
They hire local workers. They use less automated equipment & 
facilities. But their performance still is better than most 
of American competitor. There no longer exists any excuse, 
like lower labor cost, unfair governmental regulation, the 
difference in culture, ... etc.(6] For American Industry, the 
promising "Factory of the Future'' has remained continually 
in the future.(7] The technology is ready, then what went 
. wrong? Why automated factory can't increase the competitive-
ness of the U.S. factory? There must be a missing piece in 
this puzzle. Recent research proves that: Driven by compe-
titive economics, supported by available and fast developing 
technology and concerned employees, while held back until 
government taxes and regulations change, the critical ingre-
dient in this whole puzzle, positive or negative, is the 
manager.[8] Managers' attitude, skills, methods and tools for 
the management of the manufacturing function of a company is 
the critical factor of company's survival in today's market. 
I 
' 
) .I 1. 3 The Myth of Hirirtg Consultant 
' ., 
" 
In this section, I will describe some common and repeating 
phenomenon in today's factory which are also the problems of ' ' 
5 
automated factory. These problems will be the major concern 
in this paper. 
Today, when the production condition in the factory gradually 
begins steady. This usually means that the product is getting 
into the mature stage. In order to keep the market and resist 
the invasion of competitor, a company will try to trim the 
capacity of the factory, to cut down production cost and to 
lower the price of product. Sometimes this will need the help 
of automated equipment and facilities. By doing so, some pro-
blems appear, like difficult to keep up with the production 
schedule, physical inventory couldn't match up with the book-
ing value, hard to meet the changing market demand, ... etc. 
First, company will try to solve the problem by itself with 
the traditional Industrial Engineering approach. But gradual-
ly these problems seems out of hands. This time, the best 
solution usually is to look for an outside help, either by 
hiring people with related skills and experience or by hiring 
a temporary consultant. The latter one seems most popular. 
Because most company often consider that these problems only 
exist temporarily. Hiring a consultant would be a most effe.c-
tive and fastest approach without the burden of increasing 
the number of employee, which usually means to increase long-
term expense. When the consultant arrives and finally solves 
the problem, everfthing seems back on track. But as time goes 
by, similar situation appears again. Company try to solve 
the trouble by itself once more. The whole cycle repeats 
6 
again and again. 
This looks pretty ridiculous. Why couldn't we solve the root 
causes of these problems once for all? My answer is "yes". 
Company could solve the problem by themselves without outside 
help. Because hiring a consultant is a Buttom-Up approach -
A traditional, engineering, trials and errors type method. 
The consultant usually goes into the trouble area, observes 
for a while and tries to fix the problem based on his/her 
personal skills & past experience. This approach often accom-
pany with the following weaknesses: 
• Consultant may not come from the similar area which 
the company is operated. This means that he/she may 
not know what is the real cause of this problem . 
• Consultant may only solve the symptoms of the problem. 
This means that the problem still exist and will 
happen again, probably with different form or place . 
• The experience gained by solving the problem is gone 
along with the consultant. This means that next time, 
when problem appears, the company has no ability to 
solve them by itself. Manager has to hire the same 
consultant again. 
Just like the Fire Fighters try to put out the fire. If they 
only put out the fire that appears in the surface without 
trying to find out the real causes of the fire. For example: 
A short circuit in the power supply system of'.the building, 
A leak on the gas pipe underground, ... etc. Soon, one or more 
7 
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fire will appear in the same or another location. But if we 
don't hire a consultant, how can we solve these problems? 
Below is my explanation for this problem. 
1.4 The Need for Constraints Management ' 
So, from my personal opinion that hiring consultant is only 
a short-term temporary approach. Company needs to learn to 
solve the problem by itself with broad scope. Actually, the 
major cause of all the problem is: In the beginning, when 
company try to improve the productivity of their factory 
and lower the production cost. They don't understand the 
natural of the limitation, which I will call the ''Constraint" 
, of all events in the environment and made lots of improper 
' 
decision to fix these problems. They usually start by learn-
ing a new approach, which was pretty successful, from their 
competitor. unf'ortunately, without truly understanding why 
the opponent did this, the result is often a failure. Today, 
Manufacturing has gradually moved from Art to science. Just 
like other areas of science, there exists a certain general 
principles which could explain and solve all these problems. 
One of them is the Management of the constraint. In reality, 
we all live and work in an environment full of constraints. 
The most common saying is: We ·only got one earth. Any factory 
is operated under similar and variety types of constraints. 
Plant manager can only have limited resourqes, manpower and 
• 
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time to produce fixed amount of product to meet the rapidly 
changing market demand. If we know what kind of constraint 
exists & involves in the operation of a company, how to pre-
dict its behavior & impact, and how to control these const-
raints. Then company will have a better chance to survive and 
to grow. 
So in my thesis - "The Constraints Management for the Factory 
", I am using a Top-Down Systematic approach to identify the 
characteristics of variety types of constraints, their rela-
tionship between each other and with the factory, the control 
mechanism and measurement methods, ... etc. to help people to 
understand and to live with the constraints. I believe that, 
with this approach, the U.S. industry will be able to regain 
their competitiveness in today's world of the manufacturing 
' economic. 
.. 
0 
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2. Definition and Assumption 
2.1 What is Constraint 
2.1.1 Defenition 
From the first chapter of this thesis, we understand the 
necessity.of the Constraints Management. But what do we mean 
''Constraints"? Different people in different environment may 
have different answer. So the following section is to explain 
the definition and the characteristic of different types of 
Constraints which will be used throughout this paper. 
' 
The Definition of Constraint: 
- The ac~or action of using force or threat of force to 
prevent or condition an action. 
- A restriction or limitation that contains a motion or 
other process . 
• Webster's International Dictionary[9] 
- The limitation placed on the maximization or minimiza-
tion of an objective function. These usually ~esult 
from sbarcity of the resources necessary for attaining 
some objectives. 
.APICS Dictionary[lOJ 
10 
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- A condition or set of conditions specifies by the con-
ceptual scheme author for establishing rules of inte-
grity that must be satisfied by data within the data 
base, including range checks, uniqueness requirements 
and subset conditions . 
. • NASA/IPAD (CASA/SME CIM Glossary of Terms) [11] 
' So from the above description, we know that Constraint can 
also be called as: 
1. Limitation -
For example, we assume that the minimum time for 
Human to run the 100 meter dash is 9.9 sec in this 
century. In factory, a machine tool can only produce 
a certain amount of part within a period of time and 
no more. This limitation is usually called as the 
production rate of the machine.[12] 
2. Boundary condition -
When we solve mathematical problems, we usually use a 
certain inequality formula to restrict or narrow down 
the solution space in order to get the solution fast, 
easier and avoid unnecessary conf.licts. These formula 
are called the Boundary Conditions which are the Con-
straint for the solution space.[13] 
3. Negative Functional Requirement -
I 
I 
When we design a product, there exist some functional 
requirements which we want to build into the product. 
11 
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These Functional Requirement (PR.) can be divide into 
three types: 
- Things that must have (Constraints) 
- Things that should have 
- Things that would like to have[14] 
The first one can be described as Negative Functional 
Requirement. Because it will create negative response 
to the product, if product can not satisfy these FRs. 
2.1.2 Types of Constraint 
Following is the discussion for a veariety of Constraints 
which are commonly existing in a company's environment. 
(See Table - 1 ) 
A. Based on effects of the constraints, we can divide them 
into two groups: 
Strategical - Affect decision making . 
. Market Constraint 
. Information Constraint 
. Organization Constraint 
(Polity or Bureaucratic Constraint) 
. Technology Constraint 
Operational - Affect achieving the Goal . 
'~ 
12 
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. Capacity Constraint 
(Equipment and Facilities - Bottlenecks) 
. Resources Constraint 
(Raw material, Manpower, Time, ... etc.) 
. Constraint of Human Ability 
(Competence, Stress management, ... etc.) 
The above Constraints can also describe as: 
Global -
f 
Constraints which affect large, global activities 
or area. For example, the Technology Constraint 
can have tremendous impact to the survival of the 
whole company. 
Local -
Constraints which only affect small, local area or 
activities. The Constraint of Human Ability of a 
certain employee maybe only have a small influence 
to the area that he works, or to his own division. 
, or can be divided by time frame as: 
Long-term -
Constraints that have longer effects. Just like a 
company's long-term plan, it probably means that 
13 
the effect of the constraint is longer than a year. 
Short-term -
Constraints that have short period of effects. It 
means between few days to six months. 
B. Based on the possible influence of people toward the 
Constraint, we can divide them into: 
Controllable -
Constraints that can be manipulated by people. It 
means that the factors, which will affect the 
outcome of the constraint, are well-understood and 
predictable by Human. 
uncontrollable -
Constraints which have high uncertainty, unpredic-
table, and can't be controlled by human effort~ 
One pre-request for the Controllable Constr.aint is that 
they must be Measurable. Only Measurable Constraint can 
be Controlled, vice versa. 
c. Based on the environmental situation of Constraint with 
. the organization, we can divide them into·: 
14 
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• 
Internal -
Constraints that exist within the organization. 
These are usually controllable or predictable . 
For example, the Capacity Constraint is located 
inside the factory. 
External -
Constraints that exist outside of the organization. 
These are usually uncontrollable with high uncer-
tainty. For example, the Market Constraint exists 
mostly outside the company. 
D. Based on the status of their existence, we can divide them 
into: 
static -
Constraint which will not change its value at any 
time. For example, Time is a kind of constraint 
which only has fixed value, like 60 minute in an 
hour & 24 hours in a day ... 
Dynamic -
Constraint which will change its value along with 
the moving time. Most of the constraints are 
Dynamic. Their value or existance will change 
constantly. 
15 
B. Based on the relationship between constraints, we can 
divide them into: 
Independent -
Constraints which have no relationship or influence 
with others. 
Dependent -
Constraints which have interdependent relationship 
or influence with each other. For example, by 
breaking the Technology Constraint, a product can 
have longer life cycle & demand. This also change 
the Market Constraint of this product. So Market 
Constraint & Technology Constraint have Dependent 
relationship. 
F. Based the reachability of constraints, we can divide them 
into: 
Physical -
Constraints which can be physically or clearly 
identified. For example, the Capacity constraints 
can be easily identified on the shop fl-oor. 
Logical -
Constraints which can only be feeled or be awared 
16 
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by intuition. Like, the Information Constraint or 
the Organization Constraint is very difficult to 
.. 
point out their location. 
But we need to understand that all~the constraints are the 
combination of the above categories. You can not clear cut 
which is which. This we need to keep in mind . 
.. 
2.1.3 Description and Examples 
First, let me explain some of the comstraints which are list 
above. 
1. Market Constraint: 
This can also be described as the potential of the 
market (customer) demand for a specific product. 
It usually presents as Number of Unit sold to the 
market or Dollars of sale. Any company will like to. 
have a unlimited market dema·nd, just like the mass 
production period in the industry history. Unfor-
tunately, this is no longer possible in today's 
environment. There has a lot of factors which will 
affect the market demand: 
a. Economy -
Any change in the cost structure, like using 
·new more efficient equipment, will lower the 
17 
price of product. Market promotion activities, 
like sweepstakes or sales. All these will 
certainly increase market demand for your 
product. 
b. culture -
Different Culture, custom and Religion belief 
of local resident definitely will affect the 
demand of any product. For example, in Moslem 
country, it is impossible to sell any product 
which is made from pig. 
c. Technology -
The rapid development of computer technology 
makes the market of personal computer grow 
· unlimitly. so any improvement or maturity of 
Technology will have tremendous impact to the 
market demand of related products, whether the 
result is positive or negative. 
d. Legal concern -
New legislation for environmental protection 
(EPA), worker's safety (OSHA) or comsumer's 
right will change the sales & market share of 
the related product. 
e. Raw Material -
The shortage of raw material (Oil Boycott) or 
the discovery of new, better, .cheaper material 
(steel-> Aluminum-> Plastic) will change 
18 
the cost structure and the function of product 
which will also change the market constraint. 
f. Politics -
Political changes (Assassination of Egytian 
present - Anwar Sadat) will impact the price 
and demand of Oil, Gold or certain goods from 
that country.[15] 
From the above discussion, we can understand that 
the Market Constraint is External, Uncontrolable, 
Long-Term, Dyrnanic, Dependent and Strategic type of 
constraint. 
2. Information Constraint: 
From the early 80th, people realized that informa-
tion is actually the critical factor for operating 
a factory. Manager, who can get the right informa-
tion at the right time in the right form, certainly 
has the competitive advantage for decision making. 
Because we can never get enough information or get 
them on time or in the correct useful form. So the 
usefulness or the quality of information becomes 
the Information Constraint. Based on some recent 
research, there exists five criteria to measure the 
quality of information: 
a. Accuracy -
This refers to the degree to which information 
19 
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I 
is free from error. Information is usually 
assumed to be accurate unless it is presented 
, 
' 
otherwise. Sometimes it is not economically 
feasible to collect information that is 100% 
accurate. At that time, people usually use 
their own experience and intuition to make 
judgement. 
b. Verifiabil,_i ty -
Verifiability and Accuracy go hand in hand. A 
decision maker is usually reluctant to assume 
that information is accurate unless it is 
verifiable. Sometimes, decision makers accept 
and use unverifiable information, but they do 
so with caution and skepticism. Because any 
information is only as good as the data from 
which it is derived. As the old saying goes, 
"Garbage in, Garbage out" (GIGO). 
c. Completeness -
Just as people- often say, "Numbers don't lie, 
But it also doesn't tell the truth''· Informa-
tion can be accurate and verifiable, but it 
may not tell the whole story. The Completeness 
quality of information refers to the degree 
to which it is free from omissions. There is, 
of course, no relationship between the amount 
I 
of inforlllation supplied to a decision maker 
20 
and its completeness. There exists Trade-Off 
between the completeness of information and 
the Cost of information & the Time which you 
are allowed to have before making decision. 
Unfortunately, this very situation is a common 
occurrence in the business world. 
d. Timeliness -
.. 
The timeliness quality of ,information refers 
to the Time Sensitivity of information. Up-to-
Date (or Minute) information on current oper-
tion status of the factory may be of signifi-
cant to a plant manager. The Computer and 
communication technology have contributed a 
lot toward improving the timeliness quality of 
information than others. Using these tools, 
managers can not only have the right informa-
tion, but at the right time, also in the right 
form. 
e. Relevance -
The relevance quality of information refers to 
the appropriateness of the information as the 
input for a paticular decision. Information 
Overload continues to be a problem for manager 
. This occurs when the volume of available 
information is so great that the decision 
maker can't distinguish relevant information 
21 
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from that which is not. One of the primary 
causes of information overload is the accumu-
lation of information that is not relevant to 
a paticular decision. As the result. manager 
not only waste lots of time & money to g~t 
these information, but also needs to spend 
more to identify their relevance.[16] 
From the above description, we can categorize that 
Information Constraint is a strategical, global, 
mostly long-term & uncontrollable (also unmeasura-
ble), both internal & external, dymanic, dependent 
and logical type of constraint. 
3. Organization Constraint: 
This type of constraint is deeply imbedded inside 
Human being. But very few people awares of its 
existance. Probably, we all consider that it is 
normal to behave this way. Organization Constraint 
is also the most difficult to change or to manage. 
Below is a list of factors which are related to the 
forming of the Organization Constraint! 
a. Hierarchilogy -
Traditional organization is a typical pyramid 
structure. Because it only has vertical commu-
nication channel and multiple layers of filter-
ing effect - middle level managers. So it is by 
natural that a company is constrainted by its 
hierachical orgainizational structure.(17] 
b. Culture (The way we do business) -
Any group of people all has an Informal Norm of 
their daily behavior. Culture is the Norm of a 
company. This is gradually formed by company's 
past history, leaders, organization structure, 
management method, ... etc. The older and bigger 
the company, the greater the influence of their 
Culture. 
c. Politics (Power Game) -
Human is a political animal. When you get more 
than two person in a group, there will be leader 
and follower. Especially in western society, the 
• 
competition inside the organization is consider-
red to be normal. This uneven situation will 
sometimes bias the d(ecision making process of a 
company. ( 18] 
d. Inertia -
' 
People and organization have the same tendency 
to stick on what they believed from their past 
experience and ingnore what is really happened. 
Even after thay accept the fact, it will take a 
long time for them to get to the right track. 
This just likes the momentun of inertia in the 
physic. This is also the reason why organization 
23 
is slow to react to changes.[19] 
From above description, we understand that Organi-
zation Constraint is a strategical, long-term, un-
measurable, logical, dependent, global and dynamic 
types constraint. 
4. Technology Constraint: 
Technology is the general way that a company does 
business or attempts a task. It always has a limit 
or a certain life cycle. With the rapid development 
of technology, company needs to monitor and adapt 
to the changing environment. The best example is 
the revolution of computer technology, from vacuum 
tube, transitor, semiconductor to integrated cir-
cuits. Lots of company failed to follow the chang-
ing technology and disappered from the market. The 
following is a list of factors which will restrict 
the development or the implementation of technology 
• in a company: 
a. People -
Technology usually means change. People has the 
tendency to resist changes. The larger the im-
pact of technology, the stronger the resistance. 
People's attitude toward technology and changes 
become the key issues for the success of the 
company wh·i1e managing Technology Constraint. 
24 
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b. Transfer proc••• -
Most output from R&D are only immature concept 
or ideas. It will take some time and efforts to 
convert them into reality, not to mention the 
resistance from people who are involved. So the 
processes of transfer technology from laboratory 
to public is a key issue that needs to be solved 
by top management of the company. 
c. The a-curve -
\ 
. 
This is a graph of relationship between the 
effort put into improving a product or process 
- Cost in dollars, and the results one get back 
for that investment - probably Sales revenue or 
market share. This usually refers to the cost of 
R&D. Up to now, there has no precise quantifi-
able methods to evaluate the cost-effectiveness 
of R&D expense. The higher the risk, the lower 
the chance to implement the technology. 
d. Timing -
The time to promote or to implement technology 
is critical to the success of transfer process. 
Too early, nobody will accept it. Too late, the 
competitor has already occupied the market. The 
famous scientist of 15th century - da Vinci is a 
good example.[20] 
The Technology Constraint is a Strategical, Global, 
~5 ' 
Long-Term, Controllable, Dynamic, Dependent and 
Physical types of constraint. 
5. Capacity Constraint: 
The term Capacity, or Plant Capacity, is used to 
defined the maximum rate of output that a plant ( 
or other production facility) is able to produce 
under a given set of assumed operating conditions. 
This rate of production (Rp) can be limited by the 
speed of machine or the performance of human opera-
tor. In order to make profit and to satisfy custom-
er, company would like to produce as many product 
to meet market demand as soon as possible. But un-
fortunately, there exists two types of factors 
which will have negative influence to Rp: 
a. Normal -
This refers to the designed, expect~d or ideal 
capacity. The factors include: cost/budget, 
••• manpower, time, equipment and facilities, 
These are usually the factors when people 
d.e~igns and meas·ures the performance of the 
factory. 
b. Al:>normai -
We all know that reality is different than 
ideal condition. There also exists lots of 
factors which make the ideal result never 
26 
come true. These factors are: 
• MTBF, MTTR & Probability[12] · 
Machines will break down & need preventive 
maintanence. People will get sick or go for 
a vacation. The frequency of these event, 
the time required to fix them and the pro-
bability of it's appearance all decrease the 
expected ideal throughput of the factory . 
. Statistical Fluctuation[21] 
All Rp are averaged. This means that actual 
number can be higher or lower than the ex-
pected outcome, especially when manual op-
eration involved. By experience, combining 
.. 
with the next factor, the real output is 
usually lower than averaged . 
. Dependent/Independent Relationship 
This principle is first used to define the 
material requirement between processes.[22] 
Later, people found out that it can also 
be used to calculate the Rp in the produc-
ion. Because in any shop floor, there exist 
a certain process, which will decide the Rp 
, called Bottleneck (Capacity Resource Con-
straint). Process also feeds on each other. 
So, this creates a very complex Line Balart-
cing problem. Combining with the accumulated 
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statistical Fluctuation, the Dependent Rela-
tion of processes will seriously decrease 
the Rp of the factory. [21] 
So, Capacity Constraints have Operational, Physical 
, Dependent, Internal, Dynamic, Controllable, Local 
and Short-term features. 
6. Resources Constraint: 
The purpose of management is cost-effectively using 
the limited available resource to achieve company's 
goal. If we have unlimited resources on-hand, then 
it will be meanless to manage them. The most common 
problem in today's factory - Inventory Control and 
Production Scheduling, all related to the manage-
ment of resource. This is also the area which will 
earn lots of benefit by implementing automation 
technologies, like MRP II, JIT, AS/RS, ... etc. The 
Resources Constraint can be categozied as follow: 
a. Material -
Product is fabricated from raw materials. So 
the availability and the amount of material 
definitely restrict the production of the 
factory. The price of material also has impact 
on the market constraint. 
b. Money -
. . 
In company, managers usually call it - Budget. 
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This is the amount of money which is available 
for a specific purpose. Manager uses the money 
to hire people, to buy material and equipment, 
... etc., in order to keep the company survive 
and grow. So how cost-effectively he/she uses 
the budget, becomes the measurement criterias 
for his/her performance. The result will also 
affect the survival and growth of the company. 
c. Men -
People is considered a critical factor for the 
survival of any company in the world. This is 
also the key focus for lots of n~wly developed 
production planning and control techniques, 
like: TQC, Participation Management, Employee 
Involvement, ... etc. Employee's ability and 
his/her commitment to the company will have 
great influence toward the performance of the 
whole organization. 
d. Machines -
Production equipment and facilities all are 
included in this category. These will decide 
> 
the capacity of a factory. Th~y also will 
restrict company's ability to make pro£it. 
(Please refer the above discussion related to 
capacity constraint.) 
e. Time -
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The most critical problem for today's factory 
is: There never has enough time to do anything 
. We always deliver product late. Shop floor 
is crowded with experditors tracking backlog. 
Manager is too busy to handle surprise that 
he/she doesn't have time to make important 
decisions. How to manage time, becomes a major 
area in Constraint Management. 
f. Information -
In the sos, people consider that Information 
is a corporate asset and resource. Since then 
, the research and implementation of MIS 
become a major issue in the company. (Please 
refer to the above discussion related to the 
Information Constraint.) [16] 
From the above description, we know that the majo-
rity of Resource Constraints are Operational, con-
trollable, Short-·Term, Internal, Physical and De-
pendent type of Constraint. 
7~ The Constraint of Human Ability: 
Although in every democratic country, we consider 
that all man are born equal. But this is only 
referred to the legal right which we all have. In 
reality, unfortunately, people are not born equal. 
The talent or ability of an individual will have 
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strong influence toward the development of oneself 
and the organization which he/she employed. For 
example, Steve Job of Apple computer, Lee Iacocca 
of Chrysler, and others. So hiring and training of 
competence employee will have positive impact to 
a company. The Human Ability came from: 
a. Born (Natural) -
Some people are smarter than others, Some can 
run faster than others, ... etc. That is why, 
we have a variety of people and jobs in the 
society. But one thing, we need to remember 
that is: A society is composed of different 
member. Everyone shares the responsibility 
toward each other. Anyone is as important as 
others.(23] 
b. Learned (Education & Training) -
Another source to improve one's skills is by 
receiving formal academic education and other 
, mostly informal & on-job type, train·ing. 
The chance to learn will also be affedted by 
lots of factors: the financial condition of 
an. individual, the policy of the organization 
- whether it is a country or a company, the 
availablility of qualified instructor and 
materials, the influence of the societyj .. etc. 
We can affect very little .toward the born ability 
31 
of individual. But we sure can make a lot of impro-
vement for the education & training of the society. 
Although, I put the Constraint of Human ability in 
the Operational and Local level at the above state-
ment. But this influence also depends on the posi-
tion of the individual in the organization. If he/ 
she is the CEO of this company, then his/her own 
ability will definitely have strategical and global 
, even long-term, impact toward the company. So the 
Constraint of Human ability has the combanation of 
the above features. 
Above is the explanation of some common Constraints which are 
usually concerned by people in any company. 
2.2 Characteristic and Pro & Con of Constraints 
2.2.1 Characteristic of Constraints 
Although there exists a variety types of constraint, but they 
all have the following characteristics: 
- limitation (Controllable range) 
Obviously, constraint means limitation. But just as 
the statistic distribution curve, there exists acer-
tain range of constraint is controllable.The key issue 
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is to find out the range which we can control. Also, 
we need to find out the way to control them. 
- Interaction 
Because of the Dependent feature of all constraints, 
if we change the condition of one of the constraint, 
it will influence others. For example, the relation-
ship of Market Constraint with Technology Constraint. 
As a plant manager, he/she has to be very careful when 
he/she makes decision to change one of the constraint 
in the factory. It will probably have certain impact 
to other constraints and cause unexpected problems. 
- Uncertainty 
All constraints have more or less Uncertainty feature. 
Combining with the Dymanic feature of many constraints 
, even more certained constraint will change along 
with the time. So we have to continuously rnontior the 
condition of every constraint while managing them. 
Above is just some common characteristics of variety types of 
constraint. More detailed discussion will be in chaper 4 of 
this paper. 
2.2.2 The Pro & Con of Constraints 
It seems that, it would be better, if we don't have any con-
strain at all. But, in reality, this is impossible. The real 
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questions should be: Do we understand what type of constraint 
exist? Could we develop some methods to control them? What 
kind of impact will it be? So, if we act properly with the 
understanding of the existence of certain constraints in all 
these problems. This uderstanding can help us to better use 
the constraint to adapt to the changing environment and to 
survive in reality. Of course, it would be better to have as 
less constraints as possible. Also, the constraint has as 
less uncertainty as possible. If we can effectively manage 
these constraints, which exist in the factory, there will be 
no longer any problem for U.S. Manufacturing Industry to re-
gain their competitiveness in the global market. 
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3. Research Approaches and Methods 
3.1 The Perspective of Industrial Developments 
First, let me describe the past development of Industry in 
the world. After the Industrial Revolution in the early 19 
century, the structure of the manufacturing industries of the 
world changed tremendously. With the ability of machines, 
factory can produce goods with faster speed and lower cost. 
With unlimited market demand, company can sell as many as 
they can produce. This is also the period when "Efficiency", 
Mass Production and Scientific Management are the key issues 
for the operation on the shop floor. After World War II, the 
whole world changed into a Global Arena. Lower product price 
is no longer the main attraction for the consumer. "Quality'' 
is the major effort for the plant manager at that time. With 
the rapid development of Computer and Information Technology, 
lots of factory management tools became available, like MRP 
(Material Requirement Planning) , MRP II (Manuf·acturing Resou-
rces Planning), MPS (Master Production Scheduling), ... etc. 
In the early 80th, with strong global competition and more 
demand on the customization of product, Factory Automation, 
Flexibility, CIM (Computer-Integrated Manufacturing), ... etc. 
become the new buzz words in the factory. But facing the in-
creasing market share of Japanese products worldwide and 
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the declining competitiveness of U.S. industry, the newest 
trend of today's U.S. company is to learn something from the 
Japanese competitor, like JIT/TQC (Just-In-Time/Total Quality 
Control), Kanban system, SPC (Statistic Process Control), 
etc.[24] This changing performance criteria for the plant 
manager of the past 30 years can be describes as: 
60th - Efficiency 
70th - Efficiency+ Quality 
80th - Efficiency+ Quality+ Flexibility 
• • • 
Recently, with more and more powerful computer and software, 
Simulation becomes the newest weapon for the company to sur-
vive in the global competition. But all these tools or method 
has their strength and weakness. They were developed for some 
specific factory-oriented situation. Below is the detailed 
explanation for some of these te.chnigues. 
3.2 Research Approaches and Results 
In this section, I will try to explain the Constraint Manage-
ment r~lated research approach and methodology in the past 
and in the present. In each approach, I will describe their 
basic assumption, procedures., solutions and suggestions, pro 
~ 
& con, and fallacy ... etc. 
3.2.1 scientific Management (Taylorism) 
Background 
In the early 20th century, Frederick Winslow Taylor announced 
his concept - The Principles of Scientific Management (Task 
Management). At that time, the major problem of the company 
is the worker. The Direct Labor cost occupied more than 30% 
of the production expense. People seems to resist any method 
to improve efficiency - Soldiering. Machines were not intel-
ligent enough to replace Human labor. The result is: The cost 
,-
of the product was high. With higher cost, factory owner can 
not gain more profit, the society can not benefit from both 
the low price goods and more wealth which was generated from 
more demanding of goods from the market. Frederick Taylor 
consider that the Management of "Initiative and Incentive" 
is no longer adequate for that time. The traditional appren-
ticeship type of training is too slow and inefficiency. The 
responsibility of product should not be 100% rely on worker. 
He suggested the following Systematic approach to help to 
increase the efficiency on the shop floor: 
1. Developing a true science for each element of a man's 
work, which replaces the old Rule-of-Thumb method. 
2. Scientifically selecting and then training, teaching, 
and developing the workman, whereas in the past he 
chose his own work and trained himself as best he 
could. 
3. Heartily coorperating_with the men so as to insure 
all of the work being done in accordance with the 
principles of the science which has been developed. 
4. Equally dividing the work and the responsibility 
between the Management and the Workmen. 
This is also the beginning of the Industrial Engineering era. 
Lots of tools & method like MTM (Motion-Time-Method), Stan-
dardization, Differential Rate, Exception Principle, ... etc. 
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were also developed in that period which still are used in 
many today's factory.(25] 
Potential Misunderstanding 
- The reduction of Direct Labor cost is most important 
in the cost structure of product 
- The Market demand is unlimited 
- Worker don't know how to improve his job 
For the past 30 years, we are seeing a considerable changes 
in the concept of Direct Labor. There has been a shrinkage of 
direct labor as a portion of overall manufacturing employment 
, and the distinctions between direct and indirect labor are 
shrinking. The ability to change labor capacity by hiring and 
firing (or even using overtime) has been reduced; notion of 
"Lifetime Employment" have further reduced this form of re-
source management. In its place is increased emphasis on the 
flexibility of the people. The net result is that the tradi-
tional concept of direct labor is changing, and its use as a 
key focus for the constraint management is less meaningful in 
~ 
today's factory.(26] Also 1 the increasing market competition 
and more customer demanding for the customization, the un-
limited market is gone forever. Mass production concept for 
lower price goods will only force company bankrupt. Efficien-
cy will no longer assure the survival of the factory. Above 
fallacy make the assumption of Taylor's Scientific Manage-
~.,. 
· ment total irrelevant to today's environment. We will be a 
Blind Believer if we keep following these procedures without 
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any modification. 
Relevance for today's environment 
But some of his statement are still very useful today. For 
example: 
- No great man can hope to compete with a number of 
ordinary men who have been properly organized so as 
efficiently to cooperate. (Teamwork) 
- The prosperity for the employer can't exist through 
a long term of year unless it is accompanied by pros-
perity for the employee and vice versa. (System Think-
ing) 
- Each workman shall be left with the final responsibi-
lity for doing his job practically as he thinks best, 
with comparatively little help and advice from the 
management. (Total Quality Control) 
- Workmen and Management should share the work and the 
responsibility. 
- Scientifically selecting and then training, teaching, 
and developing the workman. (Employee Development) 
... etc. 
Constraint Management 
Scientific management is not specific for the management of 
constraint. It is intend to solve the problems in the factory 
by increase worker or machine's efficiency. Unfortunately, we 
all understand by increasing the efficiency of the production 
line, it doesn't mean throughput will increase in the same 
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time. So this method is not suitable for the management of 
constraints without further improvement. 
I believe that the procedures and tools of Scientific Manage-
ment are still useful. But people just been misled by these 
old assumptions and use the right tools to solve the wrong 
problem. 
3.2.2 Quality Control & Assurance (Deming's Way) 
Background 
During War World II, lots of new tools & techniques have been 
developed for the emergency pemand of that period. After the 
world, America became the industry leader in the world. Be-
cause of lack of competition, many U.S. factories lost their 
desire for further improvement. So many these tools have been 
transferred oversea to Japan, Europe and other Asian country 
as a kind of technology aid from u.s~ to these underdeveloped 
areas. Among them, one most important technique which help 
Japan to gain their outstanding manufacturing ability in the 
world of today is - Quality Control (QC), which is developed 
by Dr. w. Edwards Deming. The definition of this method • 1s: 
The procedure of establishing acceptable limits of vari~ 
ation in size, weight, finish and so forth for products 
or services and of maintaining the resulting goods or 
services within these limits. 
- Industrial Engineering Handbook[27] 
Based on this-·concept, Dr. Deming promoted his 14 points of 
40 
Quality Control while in Japan: 
1. Create consistency and continuity of purpose. 
2. Refuse to allow commonly accepted levels of delay for 
mistakes, defective material, defective workmanship. 
3. Eliminate the need for and dependence upon mass 
inspection. 
4. Reduce the number of suppliers. Buy on statistical 
evidence, not price. 
5. Search continually for problems in the system and 
seek ways to improve it. 
6. Institute modem methods of training, using statistics 
7. Focus supervision on helping people to do a better 
job. Provide the tools and techniques for people t6 
have pride of workmanship. 
8. Eliminate fear. Encourage two-way communication. 
9. Break down barriers between departments. Encourage 
problem solving through teamwork. 
10. Eliminate the use of numerical goals, slogans, 
poster for the workforce. 
11. Use statistical methods for continuing improvement 
of quality and productivity and eliminate all 
standards prescribing numerical quotas. 
12. Remove barriers to pride of workmanship. 
13. Institute a vigorous program of education and train-
ing to keep people abreast of new development in 
materials, methods, and technologies. 
14. Clearly define management's permanent commitment to 
quality and productivity. [28] 
The most important tool for the implementation of QC is the 
Statistics. Dr. Deming considers that it is the language for 
management, engineers and workers to communicate with each 
other. Based on this, statistical Process Control (SPC), a 
popular shop floor management tool of today, which is also 
known as the Taguchi Method of Japan, is developed by Dr. 
Walter A. Shewhart in the 1920 1 s. Unfortunately, This tools 
has also been overlooked by U.S. industries at that time. 
With the increasing acceptance of Quality Control concept, 
further development like the Quality Efigineering, Quality 
Assurance (QA) and Total Quality Control (TQC) _becomes the 
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major techniques which is commonly used in today's factory. 
(29] 
Potential Misunderstanding 
- Quality is free or Quality Control spends lots of 
Money 
- Quality Control is antagonistical to production worker 
- Quality Control is Supervisors' job 
- Quality Control is an Inspection Tool 
- Statistical numbers are reliable 
People considers that Quality is either Free or Costs a lot. 
Actually, they were both right at different perspective. Be-
cause the implement~tion process of Quality Control, like the 
rearrangement of shop floor layout, the training effort for 
employee, and other QC activities, all cost company's Time & 
Money. But comparing with the cost of not to implement QC and 
the benefits which are gained from implementing QC, the cost 
of QC is a lot more cheaper~ Especially, this concerns to the 
survival of the company. Top management of the company needs 
to understand the real meaning of this statement before using 
it. Quality Control is everyone's job in the company. Tradi-
tional approach - setting up a separated QC department, only 
creates many conflicts between quality inspector and worker. 
Quality concept should be embedded into people's mind and in 
their work. QC is also a philosophy and a company's culture, 
not just a tools to inspect product. This is why when U.S. 
factory talks about QC, they means to setup inspection sta-, 
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tions close to the problem areas and to hire inspectors to 
find out defective parts to rework or discard them. But in 
Japanese factory, Quality Control means to train worker to 
do the right tasks correctly with high quality and in the 
proper time limit.(30] The last one, we all know that numbers 
do not lie, but they also could not show you the whole facts. 
Using statistical data can help us to understand and to mana-
ge the condition inside the factory. But purely rely on those 
numbers, without knowing their basic assumptions and where 
they were derived from, is a very dangerous mistake. Most of 
all, statistical numbers are means or average of samples 
which represents a small portion of a large range. With the 
unavoidable fluctuation weakness co-existing, statistical ty' 
result will never be always true. If we believe and use these 
data without second thought, the result could be a disaster 
for the company. [19] 
Relevance to today's environment 
In today's world, Quality Control is a very powerful approach 
for company to compete in the worldwide market. The philoso-
phy and spirit of QC are still adequate, like: 
- Improvement is an on~going process. 
- Top management's commitment is the critical factor for 
the success of the implementation of QC in the factory 
- Continuous employee training and education is very 
important. 
- Quality must be built in, it cannot be inspected in. 
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- Solve the problem by employee's Teamwork.(31] 
Actually, the above 14 points of Dr. Deming is still correct 
today. The only difference between the successful QC imple-
mentation cases with the failure one is: We should use the QC 
approach to solve the root causes of the problem in the plant 
, not to cure the symptoms on the surface of the problem. Un-
fortunately, not many company understood this concept. 
Constraint Management 
The Quality Control concept is too broad and too shallow to 
handle problems which relate with the management of con-
straints. It doesn't make any trade-off. It doesn't suggest 
user to setup priority for each problem, so company can con-
centrate their limited resources to solve them one at a time. 
It is difficult to measure the outcome with the effort input. 
With the weakness of statistical fluctuation, QC will have 
trouble to deal with the uncertainty in the operation of the 
shop floor. 
Basically, Quality Control is a key issue for the operation 
of today's factory. Company could not survive without it. 
But it will be difficult to handle constraints without the 
help of more precise and more effective tools. 
3.2.3 MRP & MRP II 
Background 
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Since the Industrial Revolution, Mechanization has gradually 
reduced the percentage of Direct Labor in the cost of produc-
tion. on the other hand, The percentage of Direct Material in 
the cost structure increase to 30% - SO% of product cost. In 
the past decade, with the traditional mass production type of 
operation, U.S. factory suddenly found out that Inventory -
includes: Raw Material, Work-In-Process, Finished Goods, be-
comes their major problem in the operation of the shop floor. 
How much inventory is enough? Where to keep them? How & when 
to move them from one location to another?[32] With hundreds 
and thousands of different components in the factory, these 
Inventory Management task become tremendously difficult to 
plan and to execute. Fortunately, with the rapid development 
of the random access Computer and Information Technology, 
Material Requirement Planning (MRP) technique becomes avail-
able for today's plant manager to solve the above problems. 
(26] The Basic definition of MRP I 1S: 
A system which uses bill of material, inventory and open 
order date, and master production schedule information 
to calculate requirement for material. It makes recom-
mendations to release replenishment orders for material. 
Further, since it is time-phased, it makes recommenda-
tions to reschedule open orders when due dates and need 
dates are not in phase. Originally seen as merely a 
better way to order inventory, today it is thought of 
primarily as a scheduling techniques, i.e. a method for 
establishing and maintaining valid due dates on orders. 
- The Institute of Industrial Engineers[33] 
But, with the constantly changing market demand, a company 
needs integrated information system and fast response to the 
customer. Inventory Management is no longer a divided issue 
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toward the whole company. By using Network and DataBase tech-
niques, people developed the closed-loop MRP - Manufacturing 
Resource Planning (MRP II) to improve their planning and con-
trol ability in the factory. The definition of MRP II is: 
A method for the effective planning of all the resources 
of a manufacturing company. Ideally it addresses opera-
tional planning in units, financial planning in dollars, 
and has a simulation capability to answer "what if" 
questions. It is made up of a variety of functions, each 
linked together: Business Planning, Production Planning, 
Master Production Scheduling, Material Requirement Pla-
nning, Capacity Requirements Planning and the execution 
systems for capacity and priority. Outputs from these 
systems would be integrated with financial reports such 
as the business plan, purchase commitment report, shipp-
ing budget, inventory projections in dollars, etc. Manu-
facturing Resource Planning is a direct outgrowth and 
extension of MRP. 
(" 
- APICS [10] 
By comparing the above definition, we understand that the 
difference between MRP and MRP II are the Scope, which they 
cover individually, and the Complexity of their system. Also 
,, MRP II is more close to be a business philosophy or metho-
dology, not just a inventory management tool. These two are 
the most popular and hottest techniques which are used in a 
lot of factories worldwide.[26] 
Potential Misunderstanding 
- MRP is only a tool for the management of Inventory 
- MRP II is a planning tool, JIT is an execution tool 
- MRP can help factory to optimize on-hand inventory 
Most people considers that MRP is a type of computer software 
for managing inventory.·They all believe that computerization 
can solve all their problems. Unfortunately, the existing 
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trouble in the shop floor will not fade away after using com-
puter. Especially, MRP method requires lots of inputs and as-
sumptions to plan the demand and to schedule the precise time 
to release material. So the effectiveness of MRP output is 
depending on the quality of the information it received. The 
result will have global impact toward the whole company. A 
small mistake in the MRP system can create tremendous damage 
toward the survival(of the factory. For example, the method 
to decide the proper material ordering quantity - Lot Sizing, 
like EOQ., POQ., Lot-for-Lot, ... etc., all have different im-
pact to MRP's planning result.[26] The inability to split 
lots or to send ahead partial lots not only increase excess 
WIP in the factory, but also distort the correct priority and 
sequence of shop floor scheduling. Also, from the above defi-
nition, we understand that MRP II is more than a planning aid 
, it is a new type of business management methodology which 
focus around the transfer and the transformation of the mate-
rials. 
Relevance to today 1 s environment 
MRP and MRP II are both an important elements in today's fac-
" 
tory Manufacturing Planning and Control Systems (MPC). Their 
basic concept, methodology and techniques, like BOM, MPS, CRP 
, SFC, ... etc., are all still very useful. Lots of company 
regain their competitiveness by implementing these technolo-
gies to reduce their inventory and to lower their production 
cost. The real problem is caused by people: Those who consi-
47 
• 
,. 
I 
- ders that MRP & MRP)II are panacea for all the problems in 
factory. We just need to reconsider and to modify the assump-
tions which are used in this approach. We also need to under-
stand the relationship and the impact of this method with 
other elements in the MPC and/or other functional area in the 
company. Only by fully understanding the technique, We could 
avoid making the same mistakes as above mentioned. 
Constraint Management 
The purpose of MRP and MRP II is to control the Material Flow 
in the factory. Since the cost of direct material occupies a 
high percentage of the total product cost. This seems to make 
a lot of sense. But as I mentioned in the previous chapters 
that the constraints of the factory are not just restrict to 
the Resources Constraints. Other types constraints could be 
more critical than materials. So solely using MRP and/or MRP 
II could not cover all the tasks which includes in the Con-
straints Management. 
From the above discussion, we could easily found out that 
people making the same mistake again and again. All those 
techniques like, Scientific Management, Quality Control, MRP 
& MRP II, all are useful to deal with problems with certain 
specific features. But people just try to use them without 
first understanding: What they were developed for? What kind 
of basic assumptions and background that they were related? 
What are their strength, weakness and side~effects? ... etc. 
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This mistake also happens for the following approaches. 
3.2.4 JIT/TQC & Kanban system (Toyota System) 
Background 
After World War II, Japan tried to rebuild her industries. At 
that period, because the local automobile market were diver-
sified and in small quantity. Mr. Taiichi Ohno, later became 
the vice president of Toyota Motor Corporation - the Third 
largest automobile company in the world, developed the so 
called JIT (Just-In-Time) production technique. Because the 
Factory Automation concept of the U.S. is focus on tradition-
al Mass production related problem. It is totally inadequate 
for Japanese factory to implement. Especially with different 
cultural and historical background, Japanese found out that 
inventory not only ties up company's precious cash flow, but 
also hides the undetected problems inside the shop floor. 
Combining with TQC (Total Quality Control) concept, Kanban 
ordering system, TPM (Total Preventive Maintenance), Zero 
Inventory and SPC (Statistic Process control), JIT approach 
becomes a formidable competitive weapon for Toyota to compete 
in the worldwide market.[34] The basic concept of JIT • 1S: 
·l. A management philosophy that is continuously focused 
on integrating and streamlining the manufacturing 
system into the simplest possible process. 2. A devotion to the process of continually striving to minimize elements in the manufacturing system that 
restrain productivity.[6] 
The goal of JIT is eliminate waste - Any function in the ma-
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nufacturing system which burdens the company with overhead, 
impedes productivity, or adds unnecessary expense to the cus-
tomer's operating system.(26] There also has five principles 
in the philosophy of Just-In-Time: 
1. Each worker or work unit is both a customer and a 
supplier. 
2. customers and suppliers are an extension of the 
manufacturing process. 
3. Continually seek the path of simplicity. 
4. It is more important to prevent problems than to fix 
them. 
5. Obtain or produce something only when it is needed. 
[6] 
To help prevent failure in the implementation of a JIT system 
, there are key management elements that must be in place at 
the proper time to ensure a solid foundation on which to 
build: 
1. Commitment to the philosophy of JIT 
2. Teamwork -
3. Commitment to continuous improvement[6] 
Above is a brief description of JIT system. The technical 
detail and the explanation of Kanban system will not be dis-
cussed in this paper. 
Potential Misunderstanding 
- JIT is a purchasing/delivery system 
- Geographically, JIT is a local system 
- There has no inventory in the JIT system 
- JIT can be used in all manufacturing industries.[35.] 
From the above background information, we understand that JIT 
is actually a business philosophy. It requires the total com-
mitment of all stakeholders in the system. Acting only as an 
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ordering system, company just pushes the inventory to their 
suppliers. That why lots of U.S. factory failed to implement 
the JIT technique. I will suggest the concept of JITE (Just-
In-Time Enterprise) - A company can supply the right product 
at the right time with the right price.(36] Although it will 
be easier, if all the supplier are located near the factory. 
But some multinational company have proven that it is possi-
ble to implement JIT system across nation by using transpor-
tation vehicle as Kanban. [37] The basic idea of JIT system is 
to eliminate waste. Extra inventory represent waste. But rea-
sonable buffer to protect the possible broke down in critical 
process is as important as zero inventory. The existence of 
kanban is also a representation of certain amount of safety 
stock in the shop floor.[38] JIT system is most suitable for 
the production of the consumer goods, like TV., VCR., Automo-
bile, ... etc. It will not be applicable for certain on-of-a-
kind, one-of-a-time or very long manufacturing lead time pro-
duct, like aircraft, ship, ... etc. 
Relevance for today's environment 
The whole concept and philosophy of JIT system is relevant 
to the manufacturing environment of today's industry. The 
only problem is that JIT is not a panacea for every problem 
q 
in the factory. It needs to take a lot of effort and time to 
deal with the People and organization issues of the company 
before implements JIT technigue.[6] Also the infrastructure 
of the company, like information system, supplier-customer 
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relationship, shop floor layout, worker training, .. etc., all 
need a large amount of investment.[1] In general, it isn't 
\ 
that easy to implement JIT system in the U.S. industry. 
Constraint Management 
The JIT system is related some degree with the management of 
constraint. But it is too broad in scope. It also doesn't 
have any specific tools or methods to help plant managers to 
handle constraints. In order to manage the constraints in the 
shop floor, we need more practical tools. 
I consider that JIT is a business and management philosophy 
to the whole company. It is also the trend of the future for 
company to stay in business. 
3.2.S Simulation 
Background 
These daily shop floor planning and control problems are very 
complex rigorous mathematical analysis. With more and more 
powerful computers available, combined with their graphical 
presentation ability, people found out that they can simulate 
the behavior of those mathematical models in the computer and 
get pretty accurate prediction of the operation in the plant 
with lower cost & faster.[16] By definition, Simulation is: 
The design and operation of a model of a system. Common-
ly implies the use of a computer programmed and/or 
designed to accept selected inputs; to treat those 
inputs in a manner analogous to the way the real system 
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operates, and to read out measurements of the status and 
change results of the programmed operations affected by 
those inputs. 
- The Institute of Industrial Engineers(33] 
Basically, Simulation is an Evaluation tool. You have to 
design the system by yourself first before analyzing and 
comparing the inputs with the outputs. Sometimes, you build 
the model based on a Theory. Then the purpose of this speci-
fic simulation is to validate the content of this theory. 
Simulation can be used in many application. When used in a 
factory, the purpose of simulation usually are: 
- To improve the production efficiency 
- To improve the ability to evaluate alternative stra-
tegies 
- To improve the decision making relating to the pur-
chases of high capital cost equipment. 
So simulation in the factory is mostly used in the following 
applications: Production Planning and Control; Scheduling; 
Capacity Planning; Inventory Management; Production Plant 
Layouts; Line Balancing; Production Efficiency and Inter-
disciplinary applications, ... etc. The tools for the develop-
ment of simulation models are: 
- Simulation Programming Languages 
- High Level Programming Languages 
- Simulation Programme Generator 
- A Simulator designed for a specific type of system[39] 
The major_ problems with the simulation of production systems 
are their size and complexity. This also relates to the Time 
and Money which are available for the development of the 
model. It often requires a certain amounts of trade-off be-
tween the accuracy of the model and the cost of the simula-
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tion.[40] 
Potential Misunderstanding 
- Simulation is better & faster than Human judgement 
- Simulation can find the optimized solution 
- Simulation can eliminate Human error 
Although simulation is often more accurate than manual method 
. But because of the limitation of Computer & Information Te-
chnologies and the availability of relevant data, simulation 
is heavily dependent to the quality of its inputs and the 
mathematic model. Sometimes, based on people's experience and 
intuition, the result can be more close to reality and faster 
than the one which is derived from simulation. The cost of 
manual method is also cheaper. Simulation can't reach optimi-
zed solution by itself. It is a evaluation tool. The model is 
built by people with their own assumptions. So the quality of 
solution depends on the people who build the model or create 
the simulation software. Also, because of this reason, simu-
lation will never without errors. Simulation is heavily in-
fluenced by the people who design the software, create the 
model, supply the inputs or even who make decision from the 
outcomes. As long as there is Human involve.a, there will be 
errors exist. The real problem • 1s: people forgot that simula-
tion is only a tool to support the decision making process. 
It itself can not make judgement. People, who uses simulation 
techniques, is the one that affects the accuracy of the final 
outcomes.[16] 
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Relevance to today's environment 
In today's rapidly changing manufacturing environment, many 
production management problems are too complicated to permit 
rigorous mathematical treatment. The other approach is by 
experimentation. However, in the majority case, experiments 
can't be performed on the actual production system since, not 
only would this be a costly exercise but would also involve 
intolerable risks to the company. In such circumstances use 
must be made of model which represents the production system. 
Computer simulation is by far the most widely used technique. 
(39] Unfortunately, just as MRP and other computerized tools. 
Simulation is constantly been misused by people who does not 
fully understand its strength and weakness and facing strong 
resistance from people involved. All these difficulty needs 
time to solve, no other alternatives. 
Constraint Management 
As for the purpose of Constraint Management, Simulation is a 
good analyzing and reasoning tool. But we can't manage con-
straints solely by using simulation. Simulation also depends 
too heavily on the human intervention in the system. So it 
will be difficult to make objective judgement without bias. 
So simulation can't handle the requirements of constraint 
management 
3.2.6 Optimized Production Technology (OPT) 
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Background 
One of the newest and most mislead technique for the manage-
ment of the factory is the Optimized Production Technology ( 
OPT - also called as Optimized Production Timetable) which is 
developed by Dr. Eliyahu Goldratt and others in 1982 and has 
been revised in 1986. OPT can be considered as two different 
perspective. One refers to the concept of OPT. The other one 
refers to the proprietary software package (OPT/Serve). Be-
cause OPT is a commercialized tool, so its founders took a 
Black Box attitude toward public. Nobody knows what it is ex-
actly. Most people considers that it is a sophisticated shop 
floor control system based on Finite Loading procedures that 
concentrates on a subset of work centers (the Bottlenecks). 
[26] The purpose of OPT is to cover the shortcomings of MRP: 
- Rigid lot-sizing rules 
- Rigid ''average" queue times 
- Inability to split lots or send ahead partial lots 
- Sequential date setting and capacity requirements 
calculations (as opposed to simultaneous) 
- Iterative "load balancing" to eliminate overloads 
- Lack of finite scheduling logic 
OPT's basic concept are: 
- Avoid scheduled idle time on bottleneck (greater than 
100% load) work centers 
- Assign production away from overloaded machines into 
machines with available capacity 
- Alter lot sizes, combine setups, send ahead partial 
lots or otherwise improve the delivery of needed parts 
from bottleneck operations 
- Establish priorities at operations, thus making "real" 
queue times for some parts less than average (expedit-
ed parts), or more than average (less time-critical 
parts) [41] 
OPT's fundamental principles are: 
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- The utilization of a bottleneck is critical 
- Reduced utilization of non-bottleneck resources costs 
nothing 
other principles are: 
- Balance flow, not capacity 
- The level of utilization of a non-bottleneck is 
determined not by its own potential but by some other 
constraint in the system 
- Utilization and activation of a resource are not 
synonymous 
- An hour lost at a bottleneck is an hour lost forever 
- An hour saved at a non-bottleneck is just a mirage 
- Bottleneck govern both throughput and inventory in the 
system 
- The transfer batch may not, and many times should not, 
be equal to the process batch 
- The process batch should be variable, not fixed 
- Schedules should be established by looking at all of 
the constraints simultaneously. Lead times are the 
result of a schedule and can't be predetermined[26] 
But, in order to successfully implement OPT in the shop floor 
, The following prerequisites is very important: 
- Accurate Data (BOM, MPS, Inventory Records) 
- Educated Users 
- Management Commitment 
- Sound project planning and control 
- Adequate computer horsepower 
- Adequate data processing expertise 
- Adequate manpower to support system(41] 
Above is a brief description of OPT. Unfortunately, because 
of its founders' control, it is very difficult to explain or 
compare its methodology with other approach in more detailed. 
Potential Misunderstanding 
The biggest problem of OPT is its non-disclosure policy. No-
body, except its founders, understand: What is inside the 
software? What is its algorithm to deal with scheduling pro-
blem? How does it decide the priority of each task? ... etc. 
Without full understanding, it is very easy for user to make 
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false assumptions and wrong decisions. Some of their customer 
did make this mistake and caused disasters for the company. 
Especially, the implementation process requires the company 
to change their culture and business procedures. With their 
Black Box approach, this not only creates lots of doubt among 
the employee, but also generates tremendous resistance from 
company's people. Also, the implementation process take time 
to fulfill. These are some of the reason why OPT is not as 
popular as other techniques in the U.S. industries today. 
Relevance to today's environment 
All the concept and the principles are adequate for today's 
manufacturing environment. Based on these, Dr. Goldratt con-
tinuously developed a new technique - Theory of Constraints 
(TOC) which is more opened and practical than OPT. The detail 
of TOC will be discussed in the following section. 
Constraint Management 
The basic concept and ideas for this paper are generated from· 
some of the OPT approach. But OPT is focus on the production 
scheduling and capacity planning part of the factory. The 
Constraint Management considers the broad scope of constraint 
within the company. OPT also lacks of proper problem analysis 
method to do the "What If" prediction for the· company. 
Above is a brief discussion of some of the past and present 
factory planning and control techniques. There exists some 
other approach. Because of the space and time limitation, we 
58 
will not discuss them any further. So, after understanding 
what traditional methods are operated, in the following sec-
tion, I will explain some of the new approach which, I think, 
will be more suitable for the Management of Constraints. 
3.3 Proposed Method and Approach 
In the following section, I suggest four types approach which 
, I believe, will be more appropriate and beneficial for 
today's U.S. Industry to regain their competitiveness. These 
newly developed techniques all has their strength and weak-
ness for the management of constraints which will be descri-
bed detailedly at below. 
3.3.1 Top-Down Approach 
This approach exists for a long time. In the late 70th, Dr. 
Nam P. Suh of MIT renew the definition and structure of this 
approach. From his recent paper, he considers that there has 
two type of approaches for people to use to- solve problems : 
1. Top-Down Approach -
Some people may call this the "Systematic Thinking'' 
(similar to Taylor's Scientific Management) or the . 
''Algorithmic Approach'' which assumes that there are 
fundamental principles that can be generalized and 
applied·to all situations regardless of the specific 
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origin of the problem. 
2. Bottom-op Approach -
Sometimes calls as ''Empirical Approach" or just the 
Traditional Engineering Method that uses step-by-step 
procedures to analysis the data from observing the 
problem and to find the possible answer to fix it. 
Hiring consultant to do the trouble shooting work is 
a typical example for the Bottom-up approach.[42] 
For the past decade, based on his own concept, he announced a 
lot of design and manufacturing related papers. All these re-
search were using the Top-Down Approach, like The Axiomatic 
approach for Manufacturing, [43] Basic concept in Design for 
' Producibility, .. etc. He suggests that Manufacturing is a 
type of Science. If we consider the development of Astronomy 
in Human history. It is possible that Manufacturing is really 
' 
a Science. Then, there will be some general principles, rules 
and theories in the Manufacturing processes. If so, we will 
be able to predict, to plan and to control the Management ·O·f 
Constraints in the factory. The result will definitely be 
more effective and faster than current Bottom-Up approach. 
There has lots of tools which are used for Top-Down Approach. 
For Example: Flow Chart, Decision Tree, Hierarchical IPO, 
Stakeholder Analysis, Index Factor & Decision Table, Process 
Chart, .•• etc.[8] But there exists some major weakness in his 
method: 
- This approach is very difficult to prove its.elf. 
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- This approach needs much longer time than others 
to be matured and to be accepted by the public. 
- There has no practical implementation procedure in 
this approach. 
Although this approach seems promising, but for the current 
environment,· it will be too late to wait for the development 
of this approach. I suggest to use one of the following ones 
which are more practical than this approach. 
3.3.2 Analytical Model (Effect-Cause-Effect Diagram) 
This method has been used by Scientist for a long period of 
time in the Human history. This approach just like a kind of 
''What If'' analysis by using a closed-loop dynamic feedback 
model to simulate the behavior of the system. We often call 
this model - a Effect-cause-Effect Diagram (ECE). Same as the 
Data Flow Diagram, which is commonly used in the Information 
technology area, the ECE diagram can be decomposed and be in-
• 
tegrated at different levels. Because it is a type of graphic 
presentation method, it is very easily for people to under-
stand the relationship and the impact of each entity in the 
system with other entities. It is also easy to learn and to 
use this method to analyze and to solve problems. In the next 
chapter, I will use this method to explain the Constraints 
Management in a company. The major weakness of this approach 
is: It only points out the causes and the possible solutions 
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of the problems. It can't tell you how to do it.[44][45][46] 
(47] In order to practically solve the problem, we need the 
following approach to help us. 
3.3.3 World Class Manufacturing (WCM) 
From the previous discussion, we understand that Manufactu-
ring is the key issue for the survival of a company in the 
worldwide competition. So a factory needs to have the World 
Class Manufacturing capability to maintain company to stay in 
the international market and to continuously grow. This con-
cept is promoted by Dr. Richard J. Schonberger, in the late 
aoth.[48](49] Recently, this approach becomes the hottest 
topic for the management of factory in every industries. The 
primary goal of WCM is: The creation of a manufacturing pro-
cess that provides for constant, graduate improvement by all 
personnel.[50] Combining with his original thought with some 
recent research, I assume that WCM should be the combination 
of a variety of new techniques: 
WCM = JIT/TQC + CIM + Employee Involvement 
So WCM is composed by at least 3 elements to handle 3 types 
of components in a company. That 
- Material/Products 
- Information/Knowledge 
- People/Organization 
[36][51] 
• 1s: 
by 
by 
by 
JIT/TQC 
CIM 
Employee Involvement 
\ In his concept, he also includes some other techniques, like 
the TPM, Zero Inventory, SPC, ... etc. which have just been 
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explained in the above section. All these tools can all be 
categorized in the above three elements of WCM. It looks like 
that WCM is a systematically integrated approach. WCM takes 
all the stakeholders in the system into consideration. By 
doing so, it not only can handle the problem with a broader 
perspective point of view without the chance of overlooking 
something, but also take the advantage with using variety of 
techniques to complement with each other. But WCM also has 
the following problems: 
- Lack of structured relationship between different 
techniques. (What is the impact with each other?) 
- No methods to define the priority of each approach. 
(Which one should be implemented first?) 
- No generalized procedure for user to follow on. 
(Too complex, difficult to predict and to control.) 
- Very few practical successful cases to learn from. 
WCM is a planning and control philosophy. But, for operation 
level, it is too inrealistic to use in the shop floor. Also, 
most of its benefits are intangible and unquantifiable. So, 
we need more practical and faster responsive tools to help us 
to operate the plant. The following approach will be able to 
satisfy this demand. 
3.3.4 The Theory of Constraint (TOC) 
In·the late 80th, derived from his previous approach - OPT, 
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Dr. Bliyahu aoldratt developed another new, more practical, 
and open policy approach - The Theory of Constraint. The 
concept and philosophy of TOC is similar to OPT. With his 
past experience, while implementing OPT in the factory, he 
realized that Paopla•s Resistance - the Human Factor is the 
an important constraint which has been overlooked in OPT. In 
order to successfully implement TOC, he suggests the follow-
ing rules of thumb: 
- Any improvement is a change - We can't improve some-
thing without change. 
- Any change is perceived, by most people, as a threat 
to their security. 
- Any threat to security causes emotional resistance. 
- Changes is an on-going process. We should accept this 
.as part of our daily living. 
- The best way to learn is to learn by doing. 
- Solutions are embedded in people's common sense. But 
people just afraid to accept and to use them. 
- Errors could be in the assumptions while defining the 
problem, not in solutions. Don't take any thing for 
granted. 
In order to help management to understand their problems, he 
suggests that we ask ourself the following 3 questions: 
1. What to change? 
- Current status, strength, weakness, •.. etc. 
2. To what to change? 
- Future target, goal, objectives, ... etc. 
3. How to change? 
- Procedures, methods, ... etc. 
In order to answer the above question, a person needs to be 
able to: 
1. Identify the Core problems 
2. Find Simple practical solutions 
3. Induce the Appropriate people to invent your solution 
To reach the above 3 objectives, Dr. Goldratt introduced the 
following 3 common techniques: 
~ 
( \ 
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1. Effect-cause-Effect Diagram 
2. Evaporating Clouds 
3. The Socratic Approach [52J 
But TOC is focus on the management of the bottleneck process, 
not on the Constraints Management for the whole company. Al-
though TOC starts from deciding the proper product mix, setup 
material purchasing sequence, locate the time buffer, to the 
efficiently operating of the bottleneck, it does not connect 
its functions with other functional groups, like sales/market 
, financial/accounting, information system, together. TOC is 
more like the conceptual level approach and management tools 
~ 
for the operation of the factory. It needs to be integrated 
with some of above approach to achieve better outcome. 
3.4 Performance Measurement and Comparison 
Based on the above explanation, I summarize a brief & simple 
Performance Comparison Chart (See Table - 2) to help reader 
to understand the advantages and the disadvantages of each 
approach. The measurement criteria are: 
- Cost for the implementation of this approach 
- Short-term Benefits 
- Long-term Benefits 
- Impact to the whole company 
- The Difficulty for the implementation process 
First, let us compare the past and the present 6 approaches: 
Taylor•s Scientific Management -
, 
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This method has already been existed and used for a long 
time. All related techniques are available and mature. 
So, its cost is low and less difficult to implement. The 
impact to company is also low. But, as above described, 
the environment has changed. So this approach may cause 
high short-term benefits, like high efficiency rate, low 
unit production cost, ... etc. In reality, these have 
very low influence toward company's long-term benefits. 
Daming•s Quality control -
This approach exists for decade. People are familiar 
with it. QC/QA requires many changes from traditional 
approach, especially with the on-going improvement and 
training. So it cost is a little higher. The benefit of 
QC usually is long-term, intangible and unquantifiable. 
Its impact and level of difficulty for implementation 
are medium among all approach. 
MRP & MRP II -
The cost of MRP/MRP II is related to computer hardware 
and software. The investment is usually small. It can 
help plant manager to control inventory more precisely 
and lower the cost of operation. In most U.S. factory, 
this is its only usage. All other criteria are medium. 
Just-In-Time -
JIT usually needs tremendous amount of change in a plant 
. The cost is high. It has short-term benefit. But long-
term benefit is the real outcome. The impact and the 
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level of difficulty are high. 
Simulation -
Comparing with other approach, the cost of simulation 
software is usually low. It focus on short-term benefit, 
not long-term. The Impact is pretty low. The level of 
difficulty is medium. 
Optimized Production Technology -
The cost of OPT is high. It has both short and long-term 
benefits. It has very high level of impact toward the 
operation of the company. This also means high level of 
difficulty. 
Next, I use the same criteria to compare the 4 proposed new 
approaches: 
Top-Down Approach -
The cost of this approach is low. It focus on long-term 
benefit, not short-term. Because it changes the way how 
people thinks, so the impact is medium. Also, it is not 
a mature method, so the level of difficulty is high. 
Analytic Model (ECE Diagram) -
The cost of applying ECE diagram is very low. It has 
both long-term and short-term benefits. The impact and 
the level of difficulty are usually low. 
World Class Manufacturer -
-·-
The approach is the combination of a variety of techni-
ques, so its cost is very high. It focus in long-term 
benefits, not short-term. The impact and the level of 
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difficulty are usually high. 
Th• Theory of Constraints -
' 
TOC is a low cost approach. Usually, you don't need to 
invest a lot for its implementation. It has both long-
term and short-term benefits. The level of difficulty is 
medium. But the impact is very high. 
So, from the above comparison, we understand that strength & 
weakness of the four proposed approaches. Among them, the ECE 
diagram is the most easy une to be implemented on the shop 
floor. 
3.5 Summary 
From the above discussion, we understand that there has no 
totally adequate or totally inadequate approach for the Con-
straints Management of the factory. Because in today's rapid 
changing environment, any approach needs to be continuously 
updated to adapt to these changes. Any approach has its own 
advantages and disadvantages for certain type of plant. The 
best approach is to develop a kind of generalized method to 
analyze and to identify the Constraints in the factory - like 
the Effect-cause-Effec,t Diagram, then apply one of the above 
proper approach to operate the plant. But we have to remember 
that this is an iterative process. After we apply the new 
approach successfully, we have to go back to start all over 
• again. 
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My suggestion, for the future, is to combine the 4 proposed 
approach together. By using the World Class Manufacturing as 
company culture and business philosophy, with Top-Down sys-
tematic approach as the algorithm or the methodology to deal 
with the problem solving process, with the Analytical Model 
as the problem analysis & solution finding tools, and with 
The Theory of Constraint concept as the execution & control 
mechanism of the constraint management. By doing so, these 
approach can complement with each other. This concept pro-
bably still has a long way to go to before it actually comes 
true. 
d 
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,. The Management of constraints 
4,1 Analytical Model 
From the discussion in the above chapter, we understand that 
ECE diagram is an important segment in the Management of the 
Constraint in a company. In the following, I will detailedly 
explain the feature and the element within the ECE diagram, 
How to apply in the operation of a factory and establish a 
generalized ECE model of a company. 
Analytical Model, is also called as The Effect-cause-Effect 
Diagram (ECE), has been a popular tool which is used by many 
Scientist for the "What If" analysis. Just like the Data Flow 
Diagram for the Information professional (16] & Stakeholders 
' 
Analysis [18] to the management people, the purpose of ECE is 
to setup a conceptual Framework for people to verify the 
factors which influence the outcome of the system, to estab-
lish the relationship of each factor in the system, to iden-
tify the problem area in the system and to discover methods 
to adjust the system to reach the expected result. The advan-
tages of this approach are: 
- Simple and fast to use 
' 
. 
- Easy to learn and to understand 
- With further ·add-on ability 
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It also has the following disadvantages: 
. 
- All factors are measured based on relative influence 
with each other, not accurate enough. 
- Only identify the possible problem area and the factor 
which create them, no practical solution or method to 
implement the solution. 
- Same factors could have both the positive and negative 
influence toward another factor. Sometimes, it will be 
too ambiguous to solely depend on this approach. 
Basically, ECE is a good problem identification and analysis 
tool, not a solution implementation procedure. People usually 
said: If you can precisely identify your problem, you are now 
half way toward success. To precisely define the problem, is 
also the most difficult task for operation in the factory. In 
the next section, I will detailedly describe the procedure of 
using ECE diagram, combining with the Constraints Management 
concept, to manage the operation of a company. 
4.2 Identify all Factors and their Relationship 
4.2.1 Elements of ECE Diagram 
There are three basic elements in the ECE diagram: 
- 0 
1. Entity: the factor or the event in the system which 
is also the source or the destination of the 
influence between entities in the system. 
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(Usually surround by Block or Circle with 
label to identify its level in the system) 
2. Direction Flow: The Direction of influence from the 
source entity toward the destination entity. 
(Usually looks like: --->) 
3. Influence Index: Result of the influence from the 
source entity on the destination entity 
which is either Positive (+) or Negative (-) 
. But, sometimes, both could co-exist at the 
same time. 
Another key issue is that ECE is a closed-loop model. Also 
the entity in the higher level ECE diagram can be decomposed 
into another lower level of ECE diagram. 
In the following section, I will use these symbol to explain 
the ECE diagram for the Constraints Management in a company. 
4.2.2 Case study 
First, let me setup a first level analytical mod.el for the 
operation of a co.mpany. (See Fig. - 1 ) In this diagram, I 
defined four entities. They are: 
1.0 The goal of a company is to make money now & future 
to support company's survival and growth. 
2.0 In order to make more profit, we need to reduce on-
hand inventory to decrease all related cost, like 
direct material cost, holding cost, interest, ... etc. 
3.0 In order to make more profit, we need to increase 
the throughput of the factory in order to produce 
high quality, low cost product faster to satisfy 
customer demand. 
4.0 In order to make more profit, we also want to reduce 
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the operating expense of the plant, like facilities, 
energy, indirect labor, office equipment, ... etc.(21] 
All these entities interact with each other and form a closed 
loop model. We also find out that (2.0), (3.0) and (4.0) have 
positive influence on (1.0). But the model in this level is 
too simplified. We need to decompose them into a lower level 
to clarify their relationship. 
In the next section, I will decompose the first level events 
into four loops: Business Loop, Financial Loop, Production 
Loop and Inventory Loop. In each loop, I will first describe 
the assumption for the existence of each entity, then explain 
their interaction and their influence with each other. 
Business Loop (See Fig.- 2) 
In this loop, we have 10 entities which interact with each 
other and the entity of other loop. These entities represent 
the common events which exist in any company. 
1.0 The goal of a company is to make money now and in 
the future to support the survival and the growth of 
the company. 
I believe that this description is almost a fact for all type 
company, even for the non-profit institution. Without enough 
fund to support the operation of a company, there has no way 
for the company to stay in the business. So,- .. the ultimate 
goal of the company is to make money by Increase the Market 
share & Sale (1.7) and Increase profit (1.8) .[15] These two 
entities have positive influence toward the current entity. 
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The existence of these two entities (Causes) will enforce the 
company to make money (Effect). But (1.7) has no direct rela-
tionship with (1.8) which means that increasing market share 
& sale will not guarantee increase profit. For example, sales 
promotional activities will increase the revenue, but will 
not guarantee increase the profit. 
1.1 By making more money (1.0), company can have enough 
fund to improve their product design and manufactu-
• ring process. 
Usually, when company could not gain_enough profit, the first 
/ 
thing to do is to cut down R&D budget, training fee, ... etc. 
These activities all contribute toward the improvement of the 
design and the production of company's products or services 
for better quality & lower cost. Also, the stronger the com-
petition in the market (1.9), the more money and efforts 
that company will put in the improvement of product design & 
production, in order to maintain and to regain market share. 
The existence of this event will influence 4 entities: The 
ease of manufacturing process (1.2), The increase quality of 
of the product and/or service (1.5), The Increase Bottleneck 
process's Yield Rate (3.5) and The reduction of process down 
time (3.7).[53] 
1.2 The improvement in the product design and the pro-
cess of production (1.1) will make the manufacturing 
operation easier. 
The purpose of these improvement includes to make production 
more faster, easier, better and cheaper. This event will 
cause the occurrence of the following entities: Lower the 
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product cost (1.3), Increase product guality (1.5), Faster 
product delivery (1.4), Lower operating expense (4.0) and 
Increase throughput (3.0). They all create positive impact. 
[54] 
1.3 The ease of manufacturing (1.2) will lower the cost 
of production which will eventually lower the cost 
of the product. 
The ease of manufacturing will lower the demand on the resou-
rces which are required for the production purpose. By lower-
ing the operating expense of the factory (4.0) like using 
less resources as the material, labor, machines time, ... etc. 
company can gain the lower production and product selling 
price. This will make the following two events occur: The 
Increase of customer satiifaction (1.6) and The Increase of 
competition in the market (1.9). 
1.4 The ease of manufacturing (1.2) will allow the pro-
duction and the delivery of product faster. 
In another point of view, the ease of manufacturing (1.2) 
will increase the throughput of the factory (3.0) which will 
also make the delivery of the finished produ.ct faster. This 
event will also increase the satisfaction of customer ·(1.6) 
and lower the on-hand inventory in the factory (2.0). 
1.5 The Improvement of product design & production pro-
cess (1.1) and the ease of manufacturing (1.2) will 
increase the quality of the finished goods -and/or 
• services. 
These improvement will increase product's availability, re-
liability, the level of surface finishing, ... etc. which 
means the increasing in quality. This will also increase 
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the satisfaction of customer (1.6).(55](56](57] 
Note: The above events (1.3), (1.4) and (1.5) all relate to 
the satisfaction of customer (1.6). I assume that the 
functionality of product is a necessity, which should 
exist. Otherwise, no matter how good these three events 
are, nobody will like to by something which is useless. 
1.6 With better quality (1.5), lower product cost (1.3) 
and faster delivery time (1.4), the satisfaction of 
the customer will increase. 
Today's customer demands high quality, low cost and on-time 
delivery of product. When Customer feel satisfaction for the 
product and/or service, the following two events will occur: 
The Increase of company products' market share & sales (1.7) 
and The Increase in profit by selling more products (1.8). 
1.7 The increasing of customer satisfaction {1.6) will 
allow company to sell more product and eventually 
occupy the majority of the market share. 
The amount of market share and the sales revenue is directly 
proportional to the satisfaction of customer. The result of 
this event is: Company makes more money to survive and grow 
(1.0). Another input, which has negative influence toward 
this event is: The increasing competition (1.9) will probably 
decrease the current products' market share and sales reve-
nue. 
1.8 The increasing customer satisfaction (1.6) will also 
allow company to gain more profit by selling more 
product. 
The increasing in profit is caused by the fo·llowing events: 
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The increase of customer satisfaction (1.6), The lowering of 
operating expense (4.0), The lowering in on-hand inventory 
(2.0) and The increase in factory's throughput (3.0). This 
event will help company to make more money to survive and to 
grow (1.0). 
1.9 By lowering product price (1.3) to increase customer 
preference will increase company's ability to com-
pete in the market. This will also make the competi-
tion in the business stronger. 
The increasing competition will make company difficult to 
increase its market share & sales (1.7), enforce company to 
evaluate its current status in the business (4.2) and speed 
up the improvement on the Design/Process performance (1.1). 
The Business loop is the general description of the business 
environment which a company operates and competes within. 
Remember that this is a closed-loop model, so all entities 
will connect into a closed chain. We could easily add on 
other entities in the system or decompose them into a lower 
level. 
Inventory Loop (See Fig.- 3) 
There has only two entities in this loop. Although, lots of 
techniques have been developed to gain better control of the 
material in the factory, but all these methods can be catalo~ 
gue as these two events. 
2.0 By reducing On-Hand Inventory, company can decrease 
the Operating Expense (4.0), like materials' holding 
cost, which also contribute to increase the profit 
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(1.8) of the company.(32] 
There has two events which can reduce the On-Hand Inventory. 
one is by Reducing the amount of WIP on the shop floor (2.1). 
Another is to deliver material, components and finished goods 
faster (1.4). This can cut down the amount of safety stock 
which is needed to keep the machines running. 
2.1 By reducing process down time (MTBF/MTTR) (3.7), a 
factory can decrease the amount of safety stock on-
hand which are used to keep machines running without 
the lost in factory's efficiency.[12] 
As above mentioned, reducing WIP could also cause the reduc-
tion in on-hand inventory (2.0) and the reduction of the MLT 
(3.1), since the queue time is suppressed. Another entity is: 
increasing in factory's efficiency (4.3) will only produce 
more WIP or components which is not required right now. This 
event cause negative influence toward the reduction of WIP. 
This is only a simplified inventory loop. We will decompose 
and try some other entities in the next section. 
Production Loop (See Fig.- 4) 
There exists 10 entities in this loop. In this loop, I com-
bined Goldratt's the Theory of constraint into the diagram. 
All these entities represent the factors which are related 
to the operation of the production activities on the shop 
floor. 
3.0 Company can increase profit (1.8) by selling more -
product. But, in order to sell more product, factory 
need to be able to increase its throughput to meet 
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the changing market demand. 
The Ease of Manufacturing (1.2), the Reduction in MLT (3.1) 
and The increasing in the capacity of factory's bottleneck 
process (3.2) all will increase the throughput of the plant. 
But the Lost of Protective Capacity (3.9) will decrease the 
throughput of the plant.(21] Because a trimmed factory has no 
excessive capacity to allow the production line to catch up 
with the schedule after it finishing the reparation. The 
increasing throughput will also allow the delivery of goods 
faster ( 1. 4) • 
3.1 By eliminate the waste of time in the production. 
like transfer time and queue time, factory can re-
duce the total MLT. The reduction in MLT will allow 
factory to produce more products in the same amount 
of time - the Increasing in factory's Throughput 
(3.0). [26] 
The reduction of MLT will depend on the Reduction in WIP(2.1) 
and the Purchasing of modern equipment (4.4). The First one 
is to reduce the amount of WIP between the production process 
. This will eliminate the waiting time in MLT. The second one 
is to buy equipment with higher producti.on capacity. This 
will decrease the processing time for each work piece staying· 
on the machine. This will also reduce the MLT. 
3.2 The only way to increase the throughput of the plant 
is to increase the capacity of the bottleneck pro-
cess. Increasing the capacity on other process will 
not increase the throughput of the whole factory. 
[21] 
There exist many events which will influence the capacity of 
the bottleneck process in the factory. The improvement on the 
product design/production process performance (1.1), the in-
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creasing on the Yield Rate of the bottleneck process (J.5), 
Maximize the Utilization on the bottleneck process (3.6), 
The purchasing of the larger capacity bottleneck equipment 
(4.4} and the Reduction of the down time on the bottleneck 
(3.7) will increase the throughput of the factory. But the 
existence of a bottleneck within the factory (3.9), The de-
pendent relationship between processes (3.3) and the natural 
weakness of the statistical fluctuation in the production 
process (3.4) will all decrease the throughput of the plant. 
3.3 Because of the dependent relationship between the 
processes for the fabrication of the product, there 
will be some idle time among each stage of produc-
tion which will probably further decrease the pro-
duction capacity of the factory (3.2) .[21] 
The dependent relationship between process will be influenced 
by the purchasing of modern equipment (4.4). But the result 
could be either negative or positive, depends on the machines 
and the processes. This entity also affects the accumulation 
·of statistical fluctuation (3.4) which is embedded in the 
process of production. 
3.4 The unavoidable weakness of statistical fluctuation 
between the production processes further restricts 
the production capacity on the bottleneck process. 
[21] 
The accumulation of statistical fluctuation is a natural pro-
blem inside the factory. This entity will be influenced by 
the existence of the dependent relationship between processes 
(3.3). 
3.5 The production capacity of the bottleneck process 
(3.2) will. decide the throughput of the plant. If- we 
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can increase the Yield Rate of the bottleneck pro-
cess with less defect parts, we can also increase 
the throughput (3.0) of the plant.(21] 
This increase on the yield rate of the bottleneck process is 
affected by the improvement on the product design/production 
process (1.1) and the purchasing of better bottleneck machine 
(4.4). 
3.6 The production capacity of the bottleneck process (3.2) will decide the throughput of the plant. The 
Utilization of the bottleneck process will further 
influence the throughput of the plant.(21] 
One of the first improvement to increase the throughput of 
the plant is to ensure that the bottleneck process is uti-
lized at its 100% or max. efficiency. This entity will be 
influenced by the unavoidable down time in the process (3.7). 
3.7 All process will need time to repair and to do its 
maintenance work. If we can decrease the Down Time 
of the bottleneck process, the utilization of this 
process will be able to reach its max. efficiency. 
[ 21] 
The reduction of process down time will depend on the impro-
vement of product design/production process performance (1.1) 
and the ability to purchase better bottleneck machine (4.4). 
This event will have positive influerice on the reduction of 
the WIP on the shop floor (2.1). Because we no longer need a 
large safety buffer to prevent the work station from starving 
. ·The reduction of down time will also help to maximize the. 
utilization of the bottleneck process (3.6). 
' 
3.8 The production capacity of the plant depends on the 
output of its bottleneck process. But sometimes, 
the market demand is smaller than the production 
rate of the bottleneck process. This means that the 
bottleneck is not inside the factory, then their has 
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no meaning to increase the capacity. If the market 
demand is larger than the capacity of the factory, 
then the existence of bottleneck will definitely re-
strict the outcome of the plant.[21] 
This entity is affected by the ability to purchase modern 
equipment (4.4). But we have to be aware of one thing that is 
: Although we increase the capacity of the bottleneck process 
. But there always exist a trade-off between how much money 
we can spend and how much we can earn from the increasing 
capacity. Or, this process no longer is the bottleneck, but 
another process becomes the limitation of the production 
capacity of the factory - A new bottleneck process. 
3.9 The throughput of the plant will be decreased, if 
there does not have enough protective capacity -
excessive capacity in the shop floor.[21] 
Today's plant managers used to trim down the size of their 
.I plants (4.1) in order to minimize the operating cost. But by 
v 
eliminate all the excessive capacity, a factory will not 
have enough protective capacity to deal with some abnormal 
condition, like machine breakdown, extra seasoning demand, 
... etc. So maintaining some extra capacity will protect the 
bottleneck proces$ from starving and wasting ti~e. 
Above is a generalized model for a production plant. It can 
further be used to analyze the problem and the effect of any 
possible solution before implementing. 
Financial Loop (See Fig.- 5) 
In the last loop, we have 5 entities which are related to the 
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cost of the operation in the factory. 
4.0 Even with same amount of sales/revenue, a company 
can gain more profit (1.8) by reducing the operating 
expense of its factory.(58] 
Reducing operating expense is the most important focus for 
the plant manager of today. With the influence form the ease 
of manufacturing (1.2) and the result of the evaluation for 
company's current status (4.2), company can select one or 
more of the following actions in order to reduce its opera-
ting expense: Trimming the capacity of the plant (4.1), In-
creasing the efficiency of the factory (4.3) and By purcha-
sing automated & more efficient equipment (4.4). The success 
of this event will lower the production cost (1.3). 
4.1 The most easy way to reduce operating expense is to 
cut down all unnecessary capacity - manpower, equip-
ment & facilities in the plant. 
This is the most common action which plant manager usually 
takes before implementing other techniques. But by getting 
rid of the extra capacity on the shop floor, factory could 
lose its protective capacity (3.9) which is used to help 
factory handling the abnormal uncertain events everyday. 
Because the capacity of the plant is lower, the efficiency 
of the shop floor naturally increased (4.3) 
4.2 With the increasing competition (1.9), company will gradually lose its previous advantage in the market. This will enforce company to evaluate its-current position with its competitor in order to find some 
solutions to regain its competitiveness.[59] 
After the evaluation, company will usually try to lower its 
operating expense (4.0), since this can be done internally 
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and instantly. 
4.3 Another way to reduce the factory's operating expen-
se (4.0) is by increasing the efficiency of the shop 
floor. Traditional approach is that, by producing 
as much as possible, we can distribute the same 
amount of operating expense on more products. This 
means the cost of each unit of product is lower than 
before. [25] 
In the previous discussion, we understand that only by in-
creasing the efficiency of the factory will not change a lot. 
This action will have negative effect on the reduction of the 
WIP in the plant (2.1). This entity will also be increased by 
trimming down the size of the factory (4.1). 
4.4 Another common method to reduce factory's operating 
expense (4.0) is by purchasing modern equipment. 
This is the reason why Automation is so popular in 
the early 80th. 
Although, by purchasing better and faster machines can solve 
some of the problems of the factory. But it doesn't guarantee 
increase the capacity of the shop floor. This depends on what 
kind of equipment that company purchase and the effect of 
this machine toward other process in the plant. So this event 
can cause positive or negative influence on the increasing 
production capacity of the factory (J.2·) .. This probably is 
one of the reason why Automati.on is not as effective as it 
planned to be. 
Above is the completed description of the analytical model 
(See Fig. - 6) which I built to explain the causes and the 
effects of the individual event, which commonly exists in 
today's factory's toward each other and the whole company. 
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4,3 suggestions for the constraints Management 
In this section, I will use some of the assumptions in the 
previous chapter to test this analytical model. These are: 
- Reduce Machine Setup Time 
- Reduce the Batch Size for Transferring Material 
- Improve Equipment Preventive Maintenance 
- Increase Employee Training 
Combining with the above analytical model, we could validate 
the influence of each individual event. 
1. Reduce Machine setup Time (See Fig. - 7) 
By reducing bottleneck machine's setup time, we will be 
able to reduce the MLT (3.1) and to reduce process idle 
time (3.7). These two entities will also influence the 
increasing of throughput (3.0) and The faster delivery 
of goods (1.4). This change will be available by the in-
fluence of two entities: The improvement on product de-
sign/production process performance (1.1) and The abili-
ty of purchasing better, faster bottleneck machine (4.4) 
. But, if the reduction are on the non-bottleneck pro-
cess, it will not have these improvement.(34] 
2. Reduce the Batch size for Transferring Material (See 
Fig. - 8) 
The reduction on batch size need to be initialized by: 
The improvement on Product design/Production process 
(1.1) and The Reduction on Machine Setup Time. The . 
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result of this reduction will enforce the following 
events: The Reduction on WIP (2.1) which will eventually 
impact on the increasing on throughput (3.0) and The 
Faster Delivery (1.4), The Faster response to market 
change and The Increasing on Product Quality (1.5) both 
will increase the satisfaction of customer (1.6).(53] 
3. Improve Equipment Preventive Maintenance (PM.) 
Although the improvement on PM. could means lower the 
MAX. utilization on bottleneck (3.6), but this event 
could reduce the process down time (3.7) and possibly 
increase bottleneck's yield rate (3.5). Also, since 
all resources are already available, improvement on PM. 
will not increase the operating expense (4.0). So TPM. 
becomes one of key issue in today's factory. Another 
important point is that the TPM should focus on the 
bottleneck process first. Improving other process will 
not gain any benefit, except wasting valuable resources. 
[48] 
4. Increase Employee Training 
By improving employee's skills and knowledge, we can en-
force the improvement on product design/production pro-
cess (1.1) which impacts on the improvement on quality 
(1.5). Although this could possible increase the opera-
ting expense of the factory (4.0), but comparing with 
the long lasting benefits, it is only a small amount of 
money.[28] 
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These are only a few examples on the validation of this ana-
lytical model. It also proves that any improvement on the 
production process should be focus on the bottleneck process 
, otherwise it is useless. 
Once this generalized ECE model is valid, it is very easy to 
apply to the operation of any type of factory. We can use it 
to identify the constraints which exist in the shop floor, to 
try all possible solutions and to verify their impact with 
other function groups inside the factory without real imple-
mentation. In next the chapter, I will use to real examples 
to explain this ECE model's ability. 
4.4 The Impact to the Organization and People 
From the above description, we can aware of that the real 
difficulty in all these constraint management techniques is 
People's Attitude. You probably hear this kind of statement 
frequently - I love progress, but I hate changes! In all 
these constraints, which are defined in Chapter 2, the most 
difficult to change and to be aware, are the organization 
Constraint and The constraint of Human ability. One of the 
problems, which related to the Human Factor in all those 
techniques, is People's Resistance to Change. In reality, 
people do not necessarily resist change. We need only note 
how quickly people accepted television, which has changed 
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social and recreational patterns a great deal, to realize 
that people in fact often embrace change. The key issue is 
what people perceive to be the impact of change. People 
resist change when they perceive the consequences as negative 
. While individuals will differ in how ready they are to see 
negative consequences, and even though their reasons may 
appear illogical or even wrong to an outsider, people are not 
automatically resistant to change. People resist change for 
a reason, and any manager's task is to try to identify those 
reasons and, where possible, to plan the change so as to 
reduce or eliminate the negative effects and to correct mis-
perceptions. Following are some common reasons why people 
resist change: 
- Change may seem threatening 
(fear, uncomfortable, lack of understanding, ... etc.) 
- Change can mean direct loss 
- Change can disrupt the social system(18] 
All these are people's problems which managers need to under-
stand and to deal with. Especially, we as Human, constantly 
takes things in live as granted. If we want to solve this 
mental block, we have to throw away·some of those misleading 
concept and believed in our common sense & our own judgement. 
For instant, we should consider that change is a part of life 
. The above analytical model is the best tool to re~educate 
• 
ourselves. All those difficulties, which relate to people's 
problem, will also happen in the organization. Because every 
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organization is composed of people, so the problem comes 
along with people involved. But this time, the stakeholder of 
these problems is no longer just individual. It includes both 
individual and groups of people.(l] This situation further 
complicate the problem. In order to understand more about 
this area, we need to put more work into the studying of the 
Organizational Theory, Behavior & Development which are not 
the interest of this paper. 
4.5 The On-going Improvement 
• 
As mentioned in the JIT section, the operation of a plant is 
an on-going improvement. The same concept also appears in 
Deming's Quality Control concept and Goldratt's TOC method. 
From my analytical model, which formed a closed-loop thain, 
I also proved that these events are recursive. They keep 
going on and on. Lots of U.S. industries are easily contended 
with their current improvement. Just like the education in 
U.S., student just wants to get away with it and get his/her 
degree. In oriental philosophy, People should keep learning 
till the day he/she dies. This is probably one of the reason 
why these continuous improvement concept in the QC and JIT 
are more popullar and more successful in Japan than in U.S . 
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5. Implication and Trend 
s.1 Examples 
In this section, I will use two simple examples to support 
the need of ECE diagram in today's U.S. industry. As above 
discussion, many people believe that we need very complex 
techniques to identify and to solve those problems on the 
shop floor. On the contrary, recent research on JIT/TQC, TOC 
, WCM and other techniques all reveal that simplicity is the 
real key issue for the operation of the factory.(48] Let me 
present the first case: 
1. A major U.S. automobile manufacturer's assembly plant: 
According to the discussion with their employee, the 
following statements are made: 
- The plant operate two shifts a day, with human labor 
working 16 hours and welding robot 18 hours. 
- The output ~f the plant is 960cars/day. But sometimes 
the demand is large then normal production rate, so 
overtime is very common. 
- The welding robot can barely reach 480cars per shift 
(9 hours/shift). This is the bottleneck of the plant. 
They have to pay more for worker to work over time & 
to perform maintenance & repair. 
- For each shift, they allow two 15 min. break & one 30 
min. for worker to rest & to take meal. 
- Everything stop while worker take their break or meal. 
This include the welding robot. 
- They consider that increasing capacity & lowering cost 
are two major issues for their plant management. They 
intent to apply more automation techniques in the shop 
floor. 
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By comparing with my ECE diagram in the previous chapter, w
e 
found out that the easiest and lowest cost method to increa
se 
factory's throughput is by increasing the utilization on th
e 
bottleneck process, in this case - the welding robot. So I 
asked the following questions: 
- Can plant increase capacity by improving the efficien-
cy or the utilization of these welding robots? 
"Yes, they are the bottleneck." 
- Do welding robots stop when worker take their break? 
"YES, everything stop at that time.'' 
- Do welding robots need worker around to help them? 
"No, they can work alone." 
- Why you shut down these robots during worker taking 
their break for two hours a day, then robots have to 
work two extra hours overtime per day to catch on? 
They have no answer for this question! 
This looks pretty incredible. But these things really hap
pen-
ed. If these managers can simply understand the cause-Ef
fect 
Relationship between each operation in the plant, they sh
ould 
be very easy to identify the root cause of their problem,
 not 
by more automation techniques. They could solve this prob
lem 
without using any cost - just let the robot working, don't 
stop. Following is another example. 
2. A large U.S. coloring product company: 
By discussion with their employee and touring around thei
r 
facilities, the following statements are made: 
- The seasoning market demand is their major problem. 
Factory has enough capacity to handle normal demand. 
- Material occupies 50% of product cost. 
- The Yield Rate of machines is very low. 
-{Many WIP between processes, especially, half a million 
pieces of cr~yon have to sit idly for 3 days between ( 
labeling machines and packaging machines for the glue 
on their label to dry .. 
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- Shop floor layout is according to process group, not 
the flow of material. 
- Company plans to implement computerized control system 
like, MRP, JIT/TQC, ••• etc. 
Using the above ECE diagram, I could offer the following 
suggestion: 
- Increase the Yield Rate of machines to increase the 
throughput and to lower operating cost of the plant. 
- Decrease size of the transfer batch to reduce inven-
tory and MLT which can also increase throughput. 
- Improve the labeling process by eliminating the 3 days 
waiting time which will also reduce the MLT. 
- Rearrange shop floor layout to shorten the distance 
between process which also reduce WIP. (JIT concept) 
- By reducing MLT and increasing throughput, factory can 
adapt to the changing market demand faster. 
I believe that these improvement will be faster and cheaper 
than their computerized projects. An old saying: Common Sense 
isn't Common Doing. This sentence can explain why people con-
stantly chooses the most expensive and most complex solution 
to solve their problems. 
I hope that these two examples can help reader to understand 
the importance of using ECE diagram to identify the const-
raints, which exist inside a company, and to apply all possi-
ble solution before really implement them. 
Note: In order to protect the secrecy of the above two compa-
nies, I didn't write down their names in this thesis. 
Please contact Dr. Roger N. Nagel of MSE program in the 
Lehigh Un~versity (Bethlehem, PA.) for detailed infor-
mation. 
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s.2 Modification 
The major weakness of ECE diagram is: It is too generalized, 
not detailed enough to handle the specific need of individual 
plant. In order to solve this problem, I suggest to use the 
following methods: 
- Weighting Factor 
By assigning different weighting factor to each entity 
, then we could use some statistical method, like AHP 
(Analytic Hierarchy Process) to decide the priority of 
each entity.(60][61][62] This could help us to decide 
where to improve first. 
- Decision Tree & Decision Table 
These tools have the same function as above. Combi-
ning with Cost Accounting technique, they could also 
~ 
help plant manager to make decisions.(8] 
- stakeholder Analysis & Responsibility Charting 
These business analysis tools can help plant manager 
to identify the relationship of each stakeholder or 
function of the company.[18][63] 
But one key issue which we need to keep in mind: The ECE dia-
gram needs to keep as simple as possible. We must keep the 
balance between simple to understand and enough information 
to help making decision from the ECE diagram. These are only 
some suggestion for minor improvement. The best way is to 
integrate the four proposed approach - Top-Down Analysis, ECE 
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Diaqram, WCM and TOC, altogether. Unfortunately, this inte-
gration process will not be available right now. 
5,3 The Implementation Process 
The implementation of ECE diagram is much more simple and 
easier than other techniques. But the pre-requisites still 
are very important. These are: 
- Top Management Commitment 
- On-going employee involvement and education 
- Continuous improvement 
- Teamwork, ... etc. 
All these are similar to other type approach. But the process 
of implementation is most critical. In order to apply the 
concept of ECE diagram, we need to ask ourself the following 
questions: 
- How do you know when Change is needed? 
- Where to Start? 
• Where is the Critical Success Factor in the 
System? 
• How is the relationship of this entity having 
problem with others? 
• What is the limitation of this entity? 
• Where is the most Readliness and Receptivity 
to Change?[18] 
All the answer of the above questions will perfectly lead to 
the implementation of Dr. Goldratt's TOC approach. This forms 
the connection between the ECE diagram and The TOC approach. 
Also, ECE diagram is a problem identification and solution 
finding tools, not an execution tool. The actual implementa-
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tion will rely on the TOC approach. 
s,4 Recommendation for the Future 
Because of the rapid development of Computer and Information 
Technology, I believe that we could apply them on the ECE 
diagram. For example: 
- Using CASE tools to help preparing the diagram. 
- Using Expert system to build the rules and the rela-
tionship between entity of the system. 
- Using Simulator to train employee to understand these 
ECE relationship in the factory, ... etc.[64] 
Beside using computer, I suggest to improve the formal educa-
tion system,in the U.S. Because student of the Engineering 
School are usually trained to follow the Rules, Principles, 
Standards and knowledge from the Handbooks. They often take 
these for granted, They seldom consider that the calculation 
could be right, but the assumptions could be inadequate for 
today's environment. We need to train them to think, to ask 
questions and to use "What if'' type analysis techniques. Only 
by changing people's mindset could allow ECE diagram to be 
accepted by the public.[65] 
• 
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,. Conoluaion 
In this thesis, I have explained the following statements: 
- The Manufacturing ability is critical toward a com-
pany's survival. 
- Because Manufacturing is a Science, there exist acer-
tain general principle for its operation. 
- The Constraint Management is the most important part 
for the operating of the Manufacturing function of a 
factory. 
- There exists a variety types of Constraints inside 
any company. 
- In the past and at the present, there exist lots of 
Manufacturing Planning and Control Systems (MPC) 
which are not complete suitable for the Management 
of the Constraint. 
- The best approach for the Management of the Constraint 
is to integrate 4 newly developed methodologies: Top-
Down Approach, ECE Diagram, WCM Philosophy and The 
Theory of constraints, together. 
- ECE diagram is a powerful tool for the identification 
of any constraint on the shop floor. It can also be 
used to apply alternative solution for the Management 
of the Constraint. 
-· We can use ECE Diagram to build a generalized model 
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for the operation of the Manufacturing function of a 
common factory. 
In conclusion, I have proven that: Because of the scientific 
nature of the manufacturing function, we can find a certain 
general principles for the Constraint Management inside any 
factory. Also, by establishing a generalized ECE model of a 
company, we can easily to manage its Constraints. I believe 
that, with this approach, any U.S. company can rapidly regain 
it manufacturing ability to compete in the worldwide market. 
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Acronym 
AHP: Analytical Hierarchy Process 
APICS: American Production and Inventory Control Society 
AS/RS: Automated Storage/Retrieval System 
BOM: Bill Of Material 
CASA : Computer & Automated System Association 
CRP: Capacity Requirement Planning 
CIM: Computer Integrated Manufacturing 
ECE: Effect-Cause-Effect 
EOQ: Economic Order Quantity 
EPA: Environmental Protection Agency 
FR: Functional Requirement 
GIGO : Garbage In, Garbage out. 
GM: General Motors 
HIPO : Hierarchical Input-Processing-Output 
IE: Industrial Engineering 
IIE: Institute of Industrial Engineers 
JIT: Just-In-Time 
JITE : Just-In-Time Enterprise 
MIS: Management Information System 
MLT: Manufacturing Lead Time 
MPC: Manufacturing Planning and Control 
MPS: Master Production Schedule 
MRP: Material Requirement Planning (Small mrp) 
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, 
NRP II :. Manufacturing Resources Planning (Closed-loop mrp) 
MTBF: Mean Time Between Failure 
MTM: Motion-Time-Method 
MTTR: Mean Time To Repair 
• 
OPT: Optimized Production Technique (or Timetable) 
OSHA: Occupational Safety and Health Act 
POQ: Periodic Order Quantity 
QA: Quality Assurance 
QC: Quality Control 
R&D: Research and Development 
Rp: Rate of Production (Unit/Hour) 
SFC: Shop Floor Control 
SME: Society of Manufacturing Engineers 
SPC: Statistical Process Control 
TOC: Theory of Constraint 
TPM: Total Preventive Maintenance 
TQC: Total Quality Control 
WCM: World Class Manufacturer 
WIP: Wo·rk-Ih-Process 
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Types Market Infor- Organi- Techno- Capa- Rasou- Human 
mation zation logy city rces Ability 
Featur _, 
I 
Strate-
• X X X X X g1c 
vs. 
Opera- X X X 
tional 
Global X X X X X 
vs. 
Local X X X 
Long-
term X X ' X X X 
vs. 
Short- X X X 
term 
Cantre-
llable X X X X X 
vs. 
Non-Con- X X 
trollab. 
External X X 
vs. 
Internal X X X X X X 
. 
Static X X 
vs. 
Dynamic X X X X X 
Depen-
dent X X X X X X X 
vs. 
Indep-
endent 
. 
Physical X X X X X 
vs. • 
Logical X X X 
Note : ''X" represent the feature of this const.raint. 
Table - 1 : Types of Constraint 
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# 
Criteria Short- Long- Difficult Cost term term Impact to Approach Benefit Benefit Implement 
Taylor's 
Scientific L H L L L Management 
u •:, 
Deming's 
Quality M L H M M Control 
MRP 
& L M M M M MRP II 
JIT/TQC H M H H H 
Simulation L M L L M 
Optimized 
Production H M H H. H Technology 
Nam Suh's 
Top-Down L L H M H Approach 
' 
' ' 
Analytical 
Model L H H M L 
' (ECE Diagram) 
' ' 
World L 
Class H L H I H H Manufacturer 
' 
Theory 
of L H H H M Constraint 
Note: ''L'' - Low, "M" - Medium, "H" - High. 
Table - 2 : Performance Comparison Chart 
\ 
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2.0 
Reduce 
on-Hand 
Inventory 
( +) 
1.0 The Goal 
(+) Make Money (+) 
to 
I Survive & Grow 
4.0 
Lower 
Increase ~~----------------------------~ Operating 
Throughput Expense 
3.0 
Fig.- 1 : The Goal of a Company 
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Fig.- 2 : The Business Loop 
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Fig.- 3 : The Inventory Loop 
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3.0 
Increase 
Throughput 
(+) 
3.2 
Increase 
Factory's 
Production 
Capacity 
2.1 (+) (+) (-) 
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Fig.- 4 : The Production Loop 
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4.1 
'Trimming 
the 
Factory 
(+) 
4.0 
Lower 
Operating 
Expense 
3.0 
Increase 
Throughput 
.J.2 
Increase 
Factory's 
Production 
Capacity 
-
3.4 
Accumulation 
of 
Statistical 
Fluctuation 
1.1 
Improve ~-----~ 
Product/Process 
Performance 
3.1 (+> 
Reduce 
MLT 
(+) 
(-1-)/ 
;'(-) 
3.3 
Dependent 
Relationship 
of Processes 
1.0 
1.2 
Ease 
to 
Manufacture 
The Goal 
Make Marney 
to 
Survive & Grow 
c+> 
3.7 
2.1 
Reduce 
WIP 
f+) 
c+> 
(t) 
H-l 
• 
1.9 
1.5 
Increase 
Quality 
1.4 
Faster 
Delivery 
1.3 
Lower 
Production 
Cost 
Increase 
Competition 
L f) 
1.8 
1.6 
Tncreilse 
customer 
satisfaction 
1.7 
Increase 
Market Share 
& Sale 
Increase 
Profit 
(-+) 
(+) 
2.0 
Reduce 
On-Hand 
Inventory 
{+) 
Reduce 
Machine 
setup Time 
<.+) 
4.4-
Faster 
Response 
to 
Market Changes 
Reduce 
Transfer 
Batch size 
(+) 
/. / 
-
(+) 
,_, 
(+) 
I. C' 
. 
__ ..;.,, 
_,. ----
' 
' ' ,. 
• 
1.1 
Improve 
Product/Process 
Performance 
3.1 
/ 
Reduce (+) 
MLT 
• 
4.4 
Purchasing 
Modern 
Equipments 
(+) (+) 
Reduce 
Machine 
Setup Time 
3.7 
Reduce 
( +) Process 
Down Time 
Fig. - 7 : ECE Diagram (The Reduction of Machine Setup Time) 
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